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l?fTKODUCTION. 

Althoiigli  the  chief  interest  in  the  investigation  of  malai'ia  centres 
at  present  in  the  study  of  experimental  inoculations,  of  the  natural 
mode  of  infection,  and  of  the  extracorporeal  forms  of  the  parasite, 
much  yet  remains  to  be  learned  about  the  morphology  of  the  organism 
in  its  several  varieties.  The  minute  study  of  the  morphology  of  the 
parasite  has  furnished  far  more  cogent  evidence  of  the  existence  of 
several  species  of  the  plasmodium  of  human  malarial  fever  than  has 
that  of  the  clinical  manifestations  of  the  disease.  Yet  even  the  tanta- 
mount question  of  the  tmit}'  or  plurality  of  species  is  still  far  from 
satisfactory  solution.  Moreover,  many  details  in  the  biology  of  the 
Plasmodium  of  malaria,  including  the  development  of  the  crescentic 
bodies,  whose  significance  has  been  partly  determined,  still  remain 
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obscure  and  require  further  observations  on  the  occurrence  and  be- 
havior of  tJie  parasite  in  the  blood. 

My  observations  on  a  considerable  number  of  cases  of  Cuban 
malarial  fever,  seen  at  !Montauk  during  the  summer  of  1898,  although 
pursued  primarily  for  the  purpose  of  immediate  diagnosis,  bear  on 
the  topics  mentioned.  The  conclusions  reached  at  that  time  and  more 
especially  the  deductions  drawn  from  a  more  leisurely  review  of  the 
material  then  obtained  it^is  proposed  to  consider  in  the  present  article. 

I.    TECHXICS. 

Ex]H'rience  witli  the  teclinies  of  blood  examinations  in  malaria  has 
led  me  to  restrict  the  use  of  fresh  blood  to  the  study  of  various  vital 
phenomena  in  the  parasite,  such  as  amoeboid  movement,  vibratory  motion 
of  pigment,  and  exflagellation.  When  parasites  are  scanty  their  dis- 
covery is  so  much  more  certain  and  rapid  in  stained  dry  specimens  that 
a  negative  result  with  fresh  blood  invariably  requires  verification  by 
search  through  a  dry  specimen,  stained  preferably  by  Xocht's  method. 
Moreover,  exclusive  reliance  upon  fresh  blood  not  only  leads  constantly 
to  errors  in  diagnosis  by  beginners,  but  also  has  been  the  cause  of  many 
erroneous  conceptions  held  in  the  past  by  experts. 

The  study  of  flagellate  bodies  may  be  conducted  in  fresh  specimens 
prepared  in  the  ordinary  way,  but  placed  by  preference  on  a  warm  stage. 
The  addition  of  a  little  water  may  facilitate  the  escape  of  the  parasite 
from  the  cell  and  the  formation  of  flagella.  The  successful  action  of 
water  has  been  obtained  by  several  expedients.  Marshall  added  about 
an  equal  quantity  of  water  to  a  small  drop  of  blood  containing  many 
crescents  and  saw  the  almost  immediate  change  of  crescents  to  spheroidal 
bodies,  followed  by  flagellation.  Manson '  recommends  that  the  blood 
under  the  cover-glass  be  kept  moist  by  exposure  to  steam  exhaled  from  a 
hot,  moist  sponge.  After  a  few  minutes  the  cover  may  be  carefully 
removed,  the  specimen  dried,  and  the  flagellate  body  stained. 

Bignami  studied  in  detail  the  flagellate  bodies  in  specimens  rather 
thickly  spread,  and  prevented  from  drying  in  a  warm  moist  chamber, 
while  exflagellation  occurred,  with  subsequent  drying  and  staining.  I 
find  that  a  moist  chamber  may  be  conveniently  secured  in  a  Petri  dish 
with  tightly  fitting  vaselined  cover.  Wet  blotting  paper  placed  in  the 
dish  furnishes  the  necessary  moisture.     Specimens  spread  on  slides  or 

'  Luttcel,  189G,  ii,  p.  171.5. 
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covers  may  be  kept  moist  for  10  to  20  minutes  in  such  dishes,  and  flag- 
ellation proceeds  with  moderate  rapidity. 

Staining  Methods. 

1.  Eosin  and  Methylene  Blue. — For  all  ordinary  purjioses  staining  by 
eosin  and  methylene  blue  may  be  generally  recommended,  and  was 
largely  employed  in  the  present  eases.  The  solutions  required  are: 
(a)  a  saturated  alcoholic  solution  of  alcoholic  eosin  diluted  with  an  equal 
quantity  of  95  per  cent  alcohol,  and  (b)  a  saturated  watery  solution  of 
Ehrlich's  rectified  methylene  blue  at  least  one  week  old. 

A  light  staining  by  eosin,  such  as  is  given  by  the  diluted  solution  of 
eosin,  is  essential  for  the  clear  demonstration  of  the  parasite  by  methyl- 
ene blue,  and  in  specimens  containing  only  the  small  signet-ring  forms, 
heavy  staining  by  eosin  may  almost  entirely  prevent  the  subsequent 
action  of  methylene  blue,  and  these  minute  parasites  may  thus  be  over- 
looked. 

2.  Methylene  blue  fails  to  stain  the  young  ring  forms,  especially  those 
of  the  tertian  type,  as  clearly  as  is  desirable,  and  more  powerful  basic 
staining  fluids  may  well  be  employed  for  this  purpose.  Nocht's  method 
may  be  recommended  over  any  other,  as  it  facilitates  the  identification  of 
the  small  ring  by  means  of  a  large  densely  stained  nucleus,  but  when  this 
method  cannot  be  employed,  one  may  resort  to  the  method  modified  by 
Futeher  and  Lazear  from  the  suggestions  of  Benario  and  Marchoux,  as 
follows:  Fix  the  specimens  five  minutes  in  95  per  cent  alcohol,  100  cc, 
to  which  has  been  added  1  cc.  of  formalin.  Stain  one  to  three  minutes 
in  the  following  mixture:  sat.  ale.  sol.  thionin,  20  cc,  20  per  cent  car- 
bolic acid,  100  cc.  The  fixing  solution  must  be  used  fresh,  and  the  stain- 
ing fltiid  must  be  at  least  one  week  old.  The  rings  are  then  densely 
stained  and  the  specimens  do  not  fade. 

3.  The  sharpest  demonstration  of  minitte  ring-shaped  parasites  was 
obtained  in  the  present  cases  by  staining  one  hour  in  diluted  Gage's 
hifimatoxylin,  before  treatment  by  eosin  and  methylene  blue.  Heema- 
toxylin  stains  the  nucleus  of  the  ring  and  makes  the  body  of  the  para- 
site blacker  after  methylene  blue.  Such  specimens  are  specially  suit- 
able for  photography. 

4.  The  Xocht-Romanoushj  Method. — In  1890  Eomanowsky  published 
a  method  of  staining  the  malarial  parasite,  which  apparently  demon- 
strated certain  nuclear  structm-es  very  imperfectly  shown  by  other 
methods.  The  original  description  of  this  method  directed  that  the 
specimens,  fixed   in   equal   parts  of  alcohol   and  ether,   or   by   heat   at 
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110°  C,  be  placed  for  two  to  three  hours  in  a  fresh  mixture  made  by 
adding  concentrated  (1  per  cent)  solution  of  methylene  blue,  1  part,  to 
1  per  cent  watery  solution  of  aqueous  eosin,  2  parts.  The  red  cor- 
puscles were  stained  light  pink,  and  the  body  of  the  parasite  blue,  while 
the  chromatin  particles  of  the  nucleus  appeared  deep  red. 

The  sketches  accompanying  Romanowsky's  article  were  absolutely 
convincing  that  the  new  method  was  a  most  valuable  addition  to  exist- 
ing technical  procedures,  but  it  was  soon  found  that  the  results  obtain- 
able from  this  method  were  extremely  uncertain.  We  now  know  that 
only  those  who  happened  to  secure  particular  specimens  of  methylene 
blue  obtained  successful  results  with  Eomanowsky's  stain,  and  that  the 
later  highly  purified  products  of  the  anilin-dye  factories  seldom  con- 
tained the  effective  agent  which  united  with  the  chromatin  granules. 
Eomanowsky  believed  that  by  the  mixture  of  methylene  blue  and  eosin 
a  third  compound  was  formed  which  stained  the  chromatin.  Attention 
was  net  fully  drawn  to  this  probable  explanation  of  the  difficulty  until 
Ziemann  published  the  results  of  his  experience  with  various  specimens 
of  methylene  blue.  After  numerous  attempts  to  stain  by  Roman- 
owsky's method,  following  the  exact  directions,  he  sums  up  his  results 
in  the  few  words:  "gliickte  kein  Praparat."  After  a  long  series  of 
experiments  he  found  that  a  successful  result  depended  upon  the  variety 
of  methj'lene  blue,  the  age  of  the  solution,  the  quantity  of  eosin  used, 
and  the  length  of  exposure.  He  secured  most  uniform  results  from  the 
use  of  1  per  cent  aqueous  solution  of  methylene  blue  (med.  puriss., 
Hochst)  or  Koch's  methylene  blue  (Griibler),  or  Ehrlich's  rectified 
methylene  blue  (Griibler).  He  foivnd  no  difference  in  the  effects  of  vari- 
ous specimens  of  eosin,  but  used  principally  a  1  per  cent  aqueous  solu- 
tion of  watery  eosin  (Hochst).  The  proportions  of  these  solutions 
required  varied  from  1  to  7  parts  of  eosin  added  to  1  part  of  methylene 
blue,  and  the  time  of  staining  from  15  to  40  minutes.  The  proportions 
of  the  dyes  and  the  time  of  staining  had  to  be  determined  for  each 
specimen  of  dye.  The  older  the  solution  of  methylene  blue,  the  less 
eosin  was  required  in  the  mixture. 

Gautier,  who  was  very  successful  with  Romanowsky's  method,  had  the 
best  results  by  using  specimens  of  methylene  blue  marked  C  and  BGX, 
and  of  eosin  marked  A,  of  the  Baden  Anilin  factory.  He  found  consid- 
erable difference  in  the  results  obtained  with  different  specimens  of  eosin. 
Many  other  observers  had  a  variable  experience  with  the  method,  but 
it  was  generally  agreed  that  a  successful  result  was  very  uncertain  and 
depended  on  factors  little  understood.     I  had  few  successful  results  in 
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following  Eomano\vsky"s  method  and  just  as  many  failures  with  Zie- 
mann"s  procedures. 

One  turns  with  relief,  therefore,  to  find  that  a  modification  recently 
suggested  by  Xocht  furnishes  a  method  which  is  invariably  successful, 
without  much  dependence  on  the  quality  of  dyes  used,  or  the  length  of 
staining.  Kocht's  modification  consists  in  the  addition  of  a  few  drops 
of  neutralized  Unna's  polychrome  methylene  blue  (Griibler)  to  the  1  per 
cent  solution  of  ordinary  methylene  blue.  The  usual  specimen  of  poly- 
chrome meth3-lene  blue  is  distinctly  alkaline  and  to  be  rendered  effectual 
for  the  present  purpose  ISTocht  foitnd  that  it  required  neutralization, 
preferably  by  acetic  acid.  This  may  be  done  by  adding  drop  by  drop  of 
dilute  2  to  3  per  cent  acetic  acid  till  the  commercial  fluid  polychrome 
blue  no  longer  turns  red  litmus-paper  blue  above  the  zone  coming  into 
immediate  contact  with  the  dye.  I  have  never  failed  to  secure  a  good 
result  by  the  following  procedure: 

(1)  To  1  oz.  of  polychrome  methylene  blue  (Griibler)  add  5  drops 
of  3  per  cent  solution  of  acetic  acid  (U.  S.  P.,  33  per  cent). 

(2)  Make  a  saturated  (1  per  cent)  watery  solution  of  methylene  blue, 
preferably  Ehrlieli's  rect.  (Griibler),  or  Koch's,  dissolving  the  dye  by 
gentle  heat.  This  solution  improves  with  age,  and  should  be  at  least 
one  week  old. 

(3)  Make  a  1  per  cent  solution  in  water  of  Griibler's  aqueous  eosin. 
The  mixture  is  prepared  as  follows: 

To  10  cc.  of  water  add  4  drops  of  the  eosin  solution,  6  drops  of  neu- 
tralized polychrome  blue,  and  2  drops  of  1  per  cent  methylene  blue, 
mixing  well.  The  specimens,  fixed  in  alcohol  or  by  heat,  are  immersed 
for  two  hoiirs,  specimen  side  down,  and  will  not  overstain  in  24  hours. 
The  density  of  the  blue  stain  may  be  varied  to  suit  individual  preferences. 
The  above  proportions  need  not  be  rigidly  followed,  but  the  polychrome 
solution  should  be  accurately  neutralized. 

Xocht  later  reports  that  the  two  solutions  of  methylene  blue  may  be 
replaced  by  a  1  per  cent  solution  of  Ehrlieli's  rect.  methylene  blue,  alka- 
linized  by  a  few  drops  of  i  per  cent  of  sodium  hydrate,  and  left  a  few 
days  in  a  thermostat  at  50°  C.  This  is  the  ordinary  laboratory  method 
of  improvising  polychrome  methylene  blue.  With  this  preparation  the 
procedure  is  as  follows:  To  2  cc.  of  water  add  2  to  3  drops  of  1  per  cent 
watery  eosin,  and  drop  by  drop  of  the  alkalinized  meth3'lene  blue  till 
the  original  red  color  of  the  eosin  has  almost  disappeared.  In  this  fliiid 
specimens  stain  in  5  to  10  minutes.  I  have  had  little  success  with  this 
method. 

The,  rationale  of  the  Xocht-Romanowsky  method  is  not  yet  fully  un- 
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derstood,  but  it  appears  most  probable  that  a  staining  agent  which 
unites  selectively  with  chromatin  exists  ready-formed  in  polychrome 
methylene  blue,  and  may  be  developed  in  specimens  of  methylene  blue  in 
various  ways,  among  which  is  slow  digestion  with  an  alkali  and  heat. 
Xocht  refers  to  this  agent  as  "  red  from  methylene  blue."  It  is  not  the 
commercial  methylene  red,  but  may  be  extracted  from  polychrome 
methylene  blue,  etc.,  by  chloroform  (Xocht),  and  it  is  a  reasonable 
expectation  that  it  can  be  put  on  the  market  in  pure  form. 

Nocht's  method  furniches  so  much  information  regarding  the  minute 
structure  of  the  parasite  and  renders  the  identification  of  the  parasite 
so  complete  and  positive  that  it  must  be  recommended  above  all  others. 
Moreover,  it  has  a  large  field  of  application  in  the  study  of  nuclear 
structures  in  various  other  microorganisms. 

Goldhorn  (K  Y.  Path.  Soc,  Feb.  13,  1901)  has  recently  succeeded 
in  digesting  polychrome  methylene  blue  with  lithium  carbonate,  neu- 
tralizing with  acetic  acid,  so  as  to  develop  in  it  a  large  proportion  of 
the  red-staining  principle.  His  method  is  as  follows:  Fix  the  prepa- 
ration, w4iich  must  be  fresh,  by  immersion  in  pure  methyl  alcohol  for  15 
seconds.  Wash  in  water  and  stain  7  to  30  .seconds  in  0.1  per  cent 
aqueous  solution  of  eosin.  Wash  and  stain  in  digested  polychrome 
blue  30  to  60  seconds. 

Besides  rapidly  staining  the  chromatin  of  the  parasite,  Goldhorn's 
fluid  demonstrates  most  exquisitely  the  early  appearance  of  extreme 
granular  degeneration  of  the  infected  red  cell,  in  which  respect  it  is  a 
distinct  improvement  over  any  stain  yet  devised.  The  fluid  can  be 
obtained  from  various  dealers  in  New  York  City. 

II.    GENERAL    MORPKOLDGY    OF    PARASITES. 

The  Tertian  Parasite. 

The  youngest  form  of  the  tertian  jiarasite  seen  in  the  red  cell  is 
identical  in  appearance  with  the  spore  of  the  parent  rosette.  It  is  a 
compact  spheroidal,  or  slightly  oval,  or  irregular  body,  about  2/i  in 
diameter.  It  shows  an  outer  rim  of  basiphilic  protoplasm  enclosing 
a  single  large  nuclear  body,  which  is  achromatic  to  methylene  blue  but 
stains  readily  in  hsematoxylin  or  by  Xocht's  method,  and  which  is 
usually  enclosed  or  accoinf)anicd  by  a  clear  achromatic  spot,  termed 
by  Gautier  "  the  milky  zone  "  (Plate  XXIX,  Fig.  1).  In  the  fresh 
condition  these  bodies  are  noticeably  refractive,  especially  the  nucleus, 
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change  their  jjositiou  but  rarely  their  sliape,  aud  are  never  pigmented. 
From  the  earliest  period  of  infection  the  red  corpuscle  is  often  swollen, 
and  exhibits  advanced  granular  degeneration. 

"Within  a  few  hours  after  the  chill  the  parasite  is  usually  found  to 
have  assumed  a  somewhat  characteristic  ring  shape,  which  it  com- 
monly maintains  in  some  definite  form  up  to  the  presegmenting  stage 
(Plate  XXIX,  Figs.  2-11).  These  ring-shaped  bodies  measure  from 
3  to  4«  in  diameter,  and  the  regular  ring  form  is  retained,  without 
marked  increase  in  bidk  at  any  point,  for  6  to  8  hours.  Sometimes 
the  ring  is  elongated,  one  arm  reaching  across  the  cell,  while  a  thin 
bow  persists.  Occasionally  the  ring  appears  to  unfold,  and  the  para- 
site stretches  clear  across  the  swollen  cell,  with  the  nucleus  at  one  end. 
The  tertian  ring  is  rarely  as  geometrical  or  delicate  as  is  the  testivo- 
autumnal  signet  ring.  The  development  of  pigment  was  inconstant 
in  the  present  cases,  some  large  ring-s  failing  to  show  pig-ment,  but 
usually  one  or  more  fine  grains  were  to  be  seen  in  the  medium-sized 
and  smaller  forms.  The  ring  always  encloses  a  considerable  luass  of 
haemoglobin.  The  nuclear  body  of  the  tertian  ring  is  its  most  chai*- 
acteristic  feature,  appearing  as  a  rather  large,  achromatic,  highly 
refractive  body,  after  methylene  blue,  but  staining  intensely  with 
hsematoxylin  and  by  Nocht's  method. 

Significance,  of  theEing  Form. — In  regard  to  the  formation  and 
significance  of  the  ring  opinions  are  at  variance.  Most  of  the  Italian 
writers  hold  that  the  ring  form  is  not  really  a  ring,  it  being  bridged 
aci'oss  by  a  transparent  and  vesicular  nucleus.  There  are  many  con- 
siderations favoring  this  view,  especially  the  usual  appearance  of  the 
parasite  in  the  fresh  condition,  and  the  fact  that  the  chromatin 
iisually  lies  within  the  ring,  eventually  filling  it.  On  the  other  hand, 
Mannaberg  and  Ziemann  claim  that  this  body  is  a  true  ring,  formed 
by  the  thinning  of  the  central  portion  of  the  body,  and  state  that 
they  have  seen  the  ring  develop  in  this  ninnner  in  fresh  blood.  From 
the  examination  of  the  rings  themselves  I  have  been  unable  to  con- 
vince myself  as  to  which  view  is  correct,  Init  there  are  some  early 
forms  of  the  jiarasite  which  strongly  indicate  that  the  ring  does  not 
represent  a  vesicular  nucleus.     In  one  such  form  the  ring  is  unfolded 
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and  tlie  nucleus  lies  nnkod  in  the  lisemoglobin.  Elongated  forms  of 
the  voung  parasite  are  often  seen  in  which  the  ring  is  absent  and  the 
nuclear  body  lies  bare  at  one  end.  These  forms  vividly  recall  the 
appearance  of  Amceba  col!,  in  which  the  nucleus  remains  at  the  hinder 
cud  during  active  movements  of  progression.  Further,  it  is  difficult 
to  associate  the  relatively  huge  size  of  the  ring  with  any  nucleai- 
structure,  as  this  would  require  the  young  malarial  parasite  to  have 
a  nucleus  which  is  larger  than  that  of  the  adult  Amoeba  coli.  Again, 
secondary  rings  sometimes  form  from  the  union  of  pseudopodia,  and 
these  are  identical  in  appearance  with  the  primary  ring  but  lack  the 
chromatin  granules  (Plate  XXIX,  Figs.  G  and  8). 

Tn  specimens  stained  by  Xocht's  method  the  chromatin  is  usually 
found  within  the  ring,  sometimes  lying  in  an  isolated  position  in  the 
centre,  but  very  often  the  chromatin  is  found  outside  of  the  ring, 
connected  by  a  very  fine  thread  of  protoplasm.  If  the  ring  represents 
a  vesicular  nucleus,  we  have  here  the  anomaly  of  a  complete  separa- 
tion of  chromatin  from  the  vesicular  portion  of  the  nucleus,  which  is 
opposed  to  some  rigid  histological  principles.  Even  more  frequently 
the  cliromatin  is  found  to  be  enclosed  by  bluish  staining  protoplasm 
which  shuts  it  oft"  entirely  from  the  ring  (Plate  XXIX,  Figs.  7  and  S). 

From  various  biological  studies  it  appears  that  the  nuclei  of  the 
protozoa  are  usually  widely  different  from  those  of  the  metazoa;  that 
many  protozoa  do  not  have  a  vesicular  nucleus,  with  cell  membrane, 
liiiiu,  nucleolus,  etc.,  but  possess  the  so-called  "distributed  nucleus" 
composed  of  a  number  of  gTannles  lying  free  in  the  body  of  the  para- 
site. The  study  of  the  malarial  parasite  by  Xocht's  method  indicates 
that  the  nucleus  of  this  protozoon  is  of  the  distributed  type,  which  does 
not  exhibit  a  vesicular  structure  nor  possess  a  nuclear  membrane." 
On  these  grounds  I  am  inclined  to  agree  with  Mannaberg  and  others 
who  hold  that  the  form  in  question  is  a  true  ring — a  form  usually, 
but  not  necessarily,  assumed  by  the  parasite — and  does  not  represent 
a  vesicxilar  nucleiis. 

Compai-ison  of  the  Tertian  and  2Estivo-aidumnal  Bings. — From 
the  stud;,  of  the  ring-shaped  tertian  parasite  and  the  aestivo-autumnal 

•See  Calkins  on  ."Protozoan  Nuclei"  in  Annals  N.  Y.  Acad.  Sciences,  1898,  xi. 
Part  iii. 
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signet-riiii!,'  fonii;^,  iii  typical  cases  of  these  infections,  it  ajipears  to  me 
tliat  these  parasites,  with  very  rare  exceptions,  can  be  fully  distin- 
guished from  each  other,  even  in  this  early  stage,  by  the  following 
peculiarities: 

(1)  The  nnclear  body  and  chromatin  mass  of  the  young  tertian 
parasite  is  achromatic  to  methylene  blue,  which  densely  stains  the 
nucleus  of  the  restivo-autumnal  organism.  I  have  been  unable  to 
find  in  the  literature  any  specific  reference  to  this  peculiarity  as  a 
diagnostic  jioint,  but  it  may  be  readily  verified  by  comparing  specimens 
of  the  two  parasites  stained  by  methylene  blue  and  by  Nocht's 
method.  The  dense  staining  of  a  nuclear  body  in  the  young  restivo- 
autumnal  parasite  has  often  been  noted,  and  in  1894  Okintschitz  men- 
tioned the  fact  that  the  nucleus  of  the  young  tertian  parasite  fails  to 
stain  by  methylene  blue. 

(2)  The  tertian  ring  is  usually  coarse  and  irregular,  but  the  lestivo- 
autumnal  ring  is  geometrically  circular,  more  delicate,  with  an  ex- 
tremely fine  bow,  and  iisually  with  a  typical  signet-like  swelling. 

(3)  One  or  two  grains  of  pigment  are  almost  invariably  found  in 
the  early  tertian  ring,  but  are,  with  nearly  equal  constancy,  absent 
from  the  sestivo-autumnal  signet-ring. 

(4)  ^Ix  specimens  confirm  the  statement  of  Gautier  that  the  tertian 
ring  is  usually  pigmented  before  the  chromatin  becomes  subdivided, 
while  the  chromatin  of  the  Eestivo-autumnal  ring  is  always  subdivided 
before  the  appearance  of  pigment.  In  some  cases,  however,  the 
chromatin  of  the  tertian  ring  divides  before  the  appearance  of  pig- 
ment. 

(5)  The  infected  cell  is  usually  swollen  from  the  moment  of  infec- 
tion by  the  tertian  spore,  and  commonly  shrunken  when  harboring 
the  a'Stivo-autumnal  ring. 

All  of  these  characters  are  usually  apparent  in  ordinary  specimens, 
but  naturally  are  most  distinct  in  flatly  spread  and  rapidly  dried  cor- 
puscles. I  have  encountered  no  exception  to  these  rules  in  cases  of 
infection  by  the  tertian  jiarasite  in  Xew  Yurk,  and  cases  of  a^stivo- 
autumnal  infection  from  Cuba.  In  many  of  the  irregular  relapses 
in   cases   sliowiiio-   tertian    oroanisms    encountered    among    volunteer 
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soldiers  during  tlie  winter  of  1898-99,  single  ring-shaped  parasites 
not  admitting  of  positive  identification  have  frequently  been  seen. 
The  significance  of  this  observation  will  be  considered  later  (see 
section  on  Pluralitv  of  Species  of  Malarial  Parasites,  p.  490). 

After  a  period  of  6  or  8  hours  the  tertian  ring  is  usually  found  to 
have  developed  an  outgrowth  which  is  actively  amoeboid  in  the  fresh 
condition  and  appears  in  stained  specimens  as  a  tongue-like  protrusion 
or  turban-shaped  mass  attached  to  one  segment  of  the  ring  (Plate 
XXIX,  Figs.  4  and  5).  The  nuclear  body  meanwhile  increases 
slightly  in  size,  projecting  into  tlic  ring,  and  the  chromatin  divides 
into  several  large  granules. 

At  this  period  occui"s  the  greatest  amoeboid  activity  of  the  parasite, 
and  in  some  severe  tertian  infections  the  parasite  may  be  found  fixed 
in  the  height  of  its  excursions,  when  it  presents  in  stained  specimens 
the  peculiar  appearance  depicted  in  Plate  XXIX,  Figs.  0  and  10. 
Here  the  ring  is  unfolded  and  the  body  of  the  parasite  is  strung  out 
into  a  number  of  slender  threads  with  nodal  thickenings.  Kt  times 
the  number  and  delicacy  of  the  threads  greatly  exceed  those  seen  in 
the  sketch,  and  in  some  red  cells  the  parasite  may  be  found  distrib- 
uted in  a  series  of  fine  granules  between  which  the  connecting  threads 
are  with  difficulty  distinguished.  These  latter  are  probably  to  be 
classed  with  "  quinine  forms." 

A  close  inspection  of  corpuscles  harboring  such  parasites  often 
discloses  the  presence  in  one  corpuscle  of  two  distinct  nuclear  bodies, 
indicating  the  co-existence  of  two  parasites.  Frequently  iu  one  cor- 
puscle are  found  twin  parasites,  entirely  separate  one  from  the  other, 
each  of  which  shows  a  tendency  to  develop  the  long  threads  (Plate 
XXIX,  Fig.  9).  When,  however,  the  threads  are  numerous  and 
very  thin  it  is  usually  impossible  to  find  any  break  in  their  continuity, 
while  in  many  instances  the  two  parasites  are  distinctly  united.  The 
significance  of  these  two  forms  will  be  considered  later  (p.  475  et  seq.). 

Dnring  the  second  quarter  of  the  cycle  the  body  and  the  nucleus  of 
the  parasite  develop  rapidly  in  size,  amoeboid  motion  and  amoeboid 
figures  graduall}'  diminish,  and  pigment  is  abundantly  deposited  in  the 
form  of  fine  dark  brown  or  yellowish  grains  showing  in  the  fresh 
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state  active  vibratory  motion.  The  iufected  red  cell  continues  to 
increase  slightly  in  size,  its  hasmoglobin  is  progressively  diminished, 
and  granular  degeneration  is  extreme.  Depending  upon  the  char- 
acter of  amoeboid  activity  the  variety  of  figures  seen  during  this 
period  is  very  great.  Eventually,  toward  the  end  of  2-t  hours  or 
possibly  somewhat  later,  the  parasite  occupies  three-quarters  of  the 
swollen  cell,  in  the  form  of  a  spheroidal  or  elliptical,  homogeneous 
body,  the  outer  portion  of  which  contains  most  of  the  pigment  and  is 
rather  more  deeply  stainable  iJian  the  zone  immediately  surrounding 
the  nucleus  (Plate  XXIX,  Figs.  12  and  13).  The  nucleus  gradually 
increases  in  size,  growing  into  the  ring.  It  no  longer  has  the  ap- 
pearance of  a  small  highly  refractive  achromatic  spot  (after  methylene 
blue),  but  takes  a  light  bluish  tinge  with  1  per  cent  methylene  blue, 
and  stains  less  deeply  than  before  with  hgematoxylin.  At  the  end  of 
this  period  the  nucleus  completely  fills  the  ring,  stains  rather  dis- 
tinctly with  methylene  blue  and  sometimes  exhibits  a  delicate  bluish 
network. 

By  Xocht's  method  the  changes  in  the  nucleus  are  found  to  consi-t 
in  the  gradual  subdivision  of  the  chromatin  granules,  which  finally 
become  rather  numerous,  of  minute  size,  and  more  diflicult  to  stain. 
Usually  these  chromatin  granules  lie  on  the  inner  circumference  of 
the  bow  of  the  ring,  projecting  within  the  ring,  and  partly  surrounded 
by  a  "  milky  "  unstained  zone.  This  milky  zone  is  often  absent  in 
young  parasites  in  cells  thinly  spread  and  rapidly  drieil,  but  in  older 
parasites  it  is  always  present. 

Various  other  positions  may  be  assumed  liy  the  chromatiu  mass,  as 
follows:  a  subdivision  of  the  giauulcs  into  two  distinct  groups,  sepa- 
rated by  a  strand  of  bluish  stained  protoplasm;  an  eccentric  position 
entirely  apart  from  the  ring;  a  position  midway  between  two  rings 
formed  in  the  same  parasite;  a  position  in  the  centre  of  the  ring- 
entirely  apart  from  any  bluish  protoplasm:  a  circular  arrangement 
about  the  periphery  of  the  ring.  Sometimes  the  smaller  granules  are 
grouped  about  a  central  larger  granule,  as  has  been  noted  in  other 
protozoa  whose  nuclei  are  of  the  "'  intermediate  type  ''  Olicroglena, 
Euglena). 
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The  Ihird  quarter  of  the  cycle  is  oecuijied  by  the  contimiccl  growth 
of  the  parasite  in  the  form  of  a  large  homogeneous  richly  pigmented 
body,  which  finally  occupies  at  least  four-fiftlis  of  the  swollen  red 
corpuscle,  and  by  certain  nuclear  changes  which  it  is  difficult  to  follow 
in  specimens  stained  by  methylene  blue  or  hematoxylin,  but  which 
are  fully  demonstrated  by  Kocht's  method. 

The  exact  limits  within  which  the  parasite  may  be  termed  "  full 
grown  "  can  be  sharply  fixed  only  witli  great  difHculty,  but  there 
appears  to  be  a  period  of  at  least  12  hours,  during  which  there  is 
little  change  in  the  structure  of  the  organism  and  during  which  the 
body  stains  homogeneously  and  the  nucleus  occupies  the  entire  ring. 
This  period  may  be  placed  between  the  24th  and  40th  hour  of  the 
cycle.  A  portion  of  it  is  occupied  by  nuclear  changes  belonging  to 
the  reproductive  phase  of  the  parasite's  development. 

After  the  appearance  of  a  faint  intranuclear  netwoi-k  most  authori- 
ties agree  that  the  nucleus  largely  disappears,  so  far  as  can  be  deter- 
mined in  specimens  stained  by  methylene  blue  or  lisematoxylin,  and 
that  it  is  next  seen  in  the  form  of  highly  refractive  achromatic  spots 
in  the  meshes  of  the  reticulated  presegmenting  body  (methylene 
blue),  and  these  again  stain  deeply  with  hjematoxylin. 

Xocht's  method,  however,  fully  demonstrates  the  nuclear  changes 
which  occur  in  the  full-grown  parasite.  A  considerable  area,  usually 
the  entire  original  ring,  is  now  occupied  by  a  "  milky  "  or  slightly 
bluish  staining  substance  in  which  lie  a  considerable  number  of  very 
fine  chromatin  granules.  These  granules  are  usually  difficult  to 
stain,  and  being  of  very  minute  size  they  are  difficult  to  sec.  This 
fact  has  led  Ziemann  and  Gautier  to  admit  the  possibility  that  the 
chromatin  may  actually  disappear  at  one  stage  of  the  development, 
especially  since  tliey  have  found  some  large  parasites  in  which  no 
chromatin  was  demonstrable.  In  my  specimens  there  were  a  very  few 
large  tertian  parasites  in  which  no  chromatin  gi-anules  appeared,  but 
these  were  not  more  numerous  than  younger  forms  which  were  al.so 
devoid  of  chromatin  ami  must  tlicrcfuic  be  regarded  as  sterile.  I 
therefore  interpret  the  larger  forms  ilevdid  of  chromatin  as  sterile 
forms,  and  cannot  accept  the  view  that  the  I'hromatin  entirely  dis- 
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appears  at  any  stage  of  the  fertile  parasite,  a  A-iew  wliieh  is  at  variance 
with  biological  piinciples. 

After  the  subdivision  of  the  chromatin  has  reached  a  limit  the  next 
change,  observed  in  a  considerable  number  of  parasites,  appears  to 
consist  iu  the  extension  of  a  portion  of  the  milky  substance  and  its 
chromatin  granules  into  the  body  of  the  parasite  (Plate  XXIX,  Fig. 
13.)  At  the  same  tizue  the  granules  of  chromatin  increase  in  number. 
Other  forms  may  be  seen  in  which  the  "  milky  substance  "  and  chro- 
matin granules  occupy  an  elongated  space  within  the  body  of  the 
parasite,  and  in  such  cases  the  beginning  concentration  of  pigment  and 
deeper  stain  of  the  parasite  indicate  the  presence  of  the  presegment- 
ing  stage  (Plate  XXIX,  Fig.  14). 

Presegmenting  Bodies. — In  specimens  stained  by  methylene  blue 
the  first  demonstrable  indications  of  the  division  of  the  parasite  are 
seen  in  deeper  staining  capacity  and  tendency  toward  reticulation 
which  appear  throughout  the  whole  or  in  a  part  of  the  body  of  the 
parasite.  Occasionally  these  changes  may  be  noted  in  one-half  the 
parasite  while  the  other  half  retains  the  homogeneous  appearance  of 
the  "  full-grown  "  organism.  Usually  the  process  is  found  to  have 
ajBFected  the  entire  organism,  giving  the  very  characteristic  forms 
sketched  in  Plate  XXIX,  Pigs.  15  and  16.  In  the  presegmenting 
bodies  the  pigment  is  gathered  in  a  reduced  number  of  coarse  grains, 
which  lie  in  the  body  of  the  parasite  in  a  position  determined  by  that 
of  the  new  multiple  nuclei. 

These  bodies  were  first  described  by  Golgi  in  fresh  blood  and  properly 
interpreted  as  belonging  to  the  process  of  segmentation.  Later  they 
were  described  by  Marchiai'ava  and  C'elli'  as  vacuolated  parasites,  the 
highly  refractive  nuclear  bodies  appearing  in  the  fresh  condition  very 
much  like  vacuoles.  Still  later,  Celli  and  Giiarnieri  sketched  them  from 
specimens  stained  in  the  fresh  condition,  regarding  some  as  showing 
partial  segmentation,  others  as  vacuolated  parasites,  although  they  accu- 
rately described  the  appearance  of  the  nuclear  particles  invariably  found 
within  these  "  vacuoles,"  while  still  others  they  supposed  to  be  groups  of 
confluent  parasites,  i.  e.  true  plasmodia.  Mannaberg's  descriptions 
(1899),  referring  only  to  fresh  blood,  do  not  include  these  bodies,  nor 

^Atti  (Ic  li.  Accud.  med.  di  Soma,  1SS7,  2.  S.,  iii,  p.  277. 
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have  they  found  a  distinct  place  in  his  plates,  although  some  of  the 
figures  in  his  Plate  IV  indicate  that  they  have  not  escaped  his  ob- 
servation. 

Thayer  and  Ilcwetson.'  in  tlu'ir  carerul  study  of  tlie  parasite  in  fresh 
blood,  designate  as  presegmenting  bodies  the  parasites  with  collected 
masses  of  pigment  (corpi  con  blocchetto  of  the  Italian  writers). 

Laveran  "  refers  to  the  similarity  in  appearance  between  a  nuclear  body 
and  a  vacuole,  but  he  neither  describes  nor  depicts  the  presegmenting 
reticulated  parasite. 

Ziemann "  describes  the  presegmenting  bodies  as  they  appear  after  his 
or  Romanowsky's  staining  methods,  but  the  plates  would  not  enable 
one  unfamiliar  with  the  subject  to  identify  these  forms  in  specimens 
stained  by  cnsin  and  methylene  blue. 

The  reticulated  presegmenting  tertian  parasites  "were  seen  in  every 
case  of  the  present  series  examined  within  the  6  or  8  hours  preceding 
the  chill,  and  often  in  belated  parasites  shortly  after  the  chill.  ^lany 
transitional  stages  between  the  homogeneous  adult  parasite  and  the 
perfect  rosette  may  be  seen  in  rich  infections.  They  are  Tvell  demon- 
strated by'  eosin  and  methylene  blue,  especially  as  regards  the  increas- 
ing density  of  stain  and  the  reticulation.  After  hfematoxylin  tlie 
multiple  nuclei  stain  deeply  by  methylene  blue. 

By  Xocht's  method  a  series  of  interesting  nuclear  changes  may  be 
followed  in  the  presegmenting  forms.  After  the  mass  of  enlarging 
chromatin  gi'anules  and  milky  substance  has  flowed  out  into  the  elon- 
gated form  described  above,  the  chromatin  granules  leave  the  central 
clear  space  and  make  their  way  in  groups  out  into  the  body  of  the 
parasite.  Various  stages  of  this  process  may  be  followed  in  specimens 
taken  at  suitable  periods,  and  some  observed  phases  are  seen  in  Plate 
XXIX,  Figs.  13-16.  Considerable  difference  in  the  numbers  of  such 
groups  may  be  noted  in  different  cases.  Usually  a  large  number  of 
ill-defined  groups  are  seen,  before  the  central  mass  of  granules  is 
exhausted  (Plate  XXX,  Fig.  14).  In  one  specimen  the  compact 
nuclei  of  the  young  spores  appeared  to  form  in  one  segment  of  the 
parasite  before  the  main  mass  of  granules  had  become  exhausted. 

J  The  Johns  Hopkins  Uoxpitnl  Reports,  1895,  v,  p.  3. 

'TraiW  du  paludisme.      Paris,  1898,  p.  02. 

«  Ucber  Miihui.i-  uml  andere  Blutparasiten.     Jeua,  1898. 
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Each  of  tlie  groups  appears  always  to  Le  surroniuled  In-  a  milky  zone, 
and  the  mass  of  granules  is  often  of  a  peculiar  triangular  form  (Plate 
XXIX,  Fig.  12).  During  these  changes  the  pigment  granules  in- 
crease in  size,  diminish  in  niimber,  and  are  distributed  in  the  meshes 
of  the  now  distinctly  reticulated  body  of  the  parasite. 

Tertian  rosettes  (Plate  XXIX,  Fig.  17)  are  usually  seen  in  the  cir- 
culation three  or  four  hours  before  the  chill,  most  abundantly  just 
lief  ore  the  chill,  and  a  few  are  often  to  be  found  for  one  hour  or  more 
after  the  chill.  These  limits  may  occasionally  be  much  wider,  as 
ilarehiafava  and  Celli  have  seen  rosettes  2  to  6  hours  before  the  chill, 
and  6  to  7  hours  thereafter;  and  indeed,  when  the  different  broods  of 
parasites  are  not  very  distinct,  there  is  no  reason  why  occasional 
rosettes  should  not  be  found  at  any  period  of  the  main  cycle. 

Of  the  three  types  of  sporulation  described  by  Golgi,  the  second, 
according  to  ■which  the  entire  parasite  is  divided  into  spores,  leaving 
nothing  but  pigment,  is  undoubtedly  the  usual  process.  As  regards 
Ciolgi's  first  type,  in  which  only  the  peripheral  portion  of  the  parasite 
divides,  leaving  a  distinct  central  globular  pigmented  body,  most 
stained  specimens  fail  to  show  convincing  evidence  that  the  physio- 
logical process  of  segmentation  may  be  subject  to  such  an  important 
modification,  nor  does  it  appear  in  recent  literature  that  the  existence 
of  this  variety  of  segmentation  has  been  fully  verified.  In  a  few 
specimens  from  patients  taking  quinine,  I  have  seen  rare  segmenting 
bodies  which  resemble  those  described  as  above  by  Golgi,  but  never 
in  fresh  cases. 

Golgi's  third  type  of  ''partial  segmentation,"'  together  with  the 
"  lateral  circum«eribed  sporulation  "  of  Celli  and  Guarnieri,  may  fre- 
quently be  seen  in  rich  tertian  infections  in  fresh  blood,  but  according 
to  the  evidence  of  stained  specimens  this  must  be  classed  with  the 
presegmenting  forms. 

The  tertian  rosette  is  usually  distinguished  by  its  large  size  and 
considerable  number  of  spores — fifteen  to  twenty.  In  the  present 
cases  it  did  not  appear,  however,  that  the  identification  of  the  tertian 
rosette  cnuld  always  be  based  upon  the  number  of  spores.  Marchia- 
fava  and  Piioniaini  have  described  tertian  rosettes  with  40  to  50  spores. 
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With  the  ?inalk'r  number  of  sjoores  the  rosette  was  usually  much 
larger  thau  either  the  quartan  or  the  jestivo-autumnal  bodv. 

The  nuclear  changes  demonstrated  bv  Xocht's  method  in  the  tertian 
rosette  consist  principally  in  the  gradual  fusion  of  the  new-formed 
groups  of  chromatin  granules  into  single  compact  globules,  which  are 
partly  surrounded  by  "  milky  zones."  "While  the  rosette  is  still  com- 
pact the  vesicular  shape  of  the  spore  is  distinct.  The  outer  segment 
of  the  ring  is  usually  thickened,  the  nucleus  tends  to  lie  near  the 
inner  pole,  and  between  the  nucleus  and  outer  segment  is  a  small 
"  milky  zone."  The  pigment  is  usually  collected  into  a  central  block 
or  mass  of  granules,  but  may  be  found  variously  scattered  among  the 
spores,  or  along  the  periphery  of  the  rosette. 

The  Quartan  Paraaite. 

The  earliest  form  of  the  quartan  parasite  (Plate  XXXI,  Fig.  1),  as 
seen  in  the  stained  red  cell,  is  practically  indistinguishable  from  that 
of  the  tertian  organism,  but  its  true  character  may  usually  be  sus- 
pected from  the  slightly  shrunken  appearance  of  the  infected  cell. 
In  fresh  specimens  the  higher  refractive  quality  of  this  parasite  is 
often,  however,  sufficiently  characteristic  for  its  identification.  After 
a  very  slight  increase  in  size  the  quartan  parasite  becomes  rather 
easy  to  distinguish  in  both  fresh  and  stained  specimens,  for  it  usually 
remains  smaller,  more  compact,  and  is  more  richly  and  coarsely  pig- 
mented than  the  tertian  organism.  As  with  the  latter,  the  nuclear 
body  is  found  projecting  into  the  ring  (Plate  XXXI,  Figs.  1-4).  In 
fresh  specimens  at  this  period,  the  higher  refractive  qualities  and 
slower  amceboid  motion  are  additional  diagTiostic  characters. 

The  growth  of  the  quartan  ring  is  very  similar  in  all  important 
respects  to  that  of  the  tertian,  while  its  distinguishing  features,  especi- 
ally the  abundance  of  coai*se  pigment  grains,  are  uniformly  retained 
(Plate  XXXI,  Figs.  5-8). 

During  the  presegmenting  stage  the  characters  of  the  quartan  para- 
site are  markedly  different  from  those  of  the  tertian.  On  account  of 
the  slower  progress  of  sporulation,  and  from  the  greater  tendency  of 
the  quartan  parasite  to  complete  its  cycle  in  the  general  circulation, 
quartan  presegmenting  bodies  are  relatively  much  more  numerous 
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in  the  stained  specimens  than  are  the  similar  forms  of  the  tertian 
organism.  In  some  specimens  talcen  several  hours  before  the  chill 
the  majority  of  organisms  found  may  jDresent  the  markedly  reticulated 
structure  indicative  of  appi'oacliing  division.  The  multiple  nuclei 
are  less  numerous,  and  the  jDigment  is  more  abundant,  and  is  often 
found  in  irregular,  partly  radiating  rows.  The  coarsely  reticulated, 
relatively  small,  and  richly  pigmented  bodies  lying  in  markedly 
shrunken  cells  are  very  characteristic  and  not  readily  confused  with 
any  other  form  of  malarial  parasite  commonly  found  in  the  peripheral 
blood  (Plate  XXXI,  Figs.  10-12).  In  some  severe  sestivo-autumnal 
infections,  showing  many  parasites  of  all  stages  in  the  peripheral 
blood,  somewhat  similar  spheroidal  or  presegmenting  forms  of  the 
same  general  appearance  may  be  found  in  considei-able  numbers,  but 
as  will  be  seen  by  reference  to  Plate  XXX,  the  character  of  the  i^ig- 
ment  in  the  sestivo-autumnal  parasite  is  very  different.  Such  cases 
are  very  rare,  and  readily  rci^ognizcd  on  clinical  grounds,  being 
almost  invariably  of  the  pernicious  type. 

The  quartan  segmenting  bodies  arc  relatively  more  abundant  in 
the  peripheral  circulation  than  are  rosettes  of  any  other  variety  of 
malarial  parasite,  and  are  easily  identified  by  the  small  number  (6  to 
12)  and  comparatively  large  size  and  geometrical  arrangement  of  the 
spores  (Plate  XXXI,  Fig.  14). 

The  /Estivo-Auiuinnal  Parasite. 
The  following  description  applies  to  a  group  of  organisms  which, 
according  to  the  Italian  school,  comprises  two  or  three  varieties  of 
malarial  parasites.  Waiving  for  the  present  the  question  of  plurality 
of  species,  the  entire  group  will  be  described  as  one,  and  the  grounds 
alleged  for  their  separation  will  be  considered  later.  The  present 
description  rests  upon  the  examination  of  some  260  cases  of  sestivo- 
autumnal  infection  occurring  in  U.  S.  soldiers  who  had  shortly  before 
arrived  at  Montauk  Point  from  Cuba,  and  on  a  smaller  number  of 
cases  seen  in  New  York  during  the  past  few  years.  The  conclusions 
drawn  from  the  original  examinations  have  been  verified  or  luodified 
by  more  careful  study  of  these  specimens  during  the  past  winter  and 
also  by  the  microscopical  study  of  the  tissues  of  a  number  of  cases 
coming  to  autopsy. 
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The  earliest  foria  of  tlie  a'stivo-aiituniiial  parasite  seen  in  the  red 
{■elk,  in  the  present  cases,  was  very  similar  to  that  of  the  tertian  and 
quartan  parasites,  but  was  slightly  smaller  dian  either,  and  was  often 
distinguishable  from  the  tertian  by  the  shrinkage  of  the  cell,  and  from 
the  quartan  by  its  distinctly  smaller  dimensions  (Plate  XXX,  Fig's. 
1  and  2).  In  fresh  specimens  the  young  amoeboid  body  usually 
showed  a  low  refractive  index  as  compared  with  the  tertian  and  quar- 
tan parasites.  It  was  never  pigmented.  Associated  witli  tlic  intra- 
cellular sjiores  there  were  frequently  seen  in  the  plasma  small 
spheroidal  bodies,  exhibiting  an  active  rolling  motion  and  occasional 
blunt  projecting  points  (pseudopodia?),  which,  on  becoming  ar- 
rested by  contact  with  red  cells,  were  found  to  be  indistinguishable 
from  the  intracellular  bodies.  Altbough  seldom  identified  in  stained 
sj)ecimens,  it  appears  probable  that  these  bodies  were  young  extra- 
cellular fonus  of  the  parasite.  The  positive  identification  of  these 
extra-cellular  bodies,  however,  appears  to  be  a  very  hazardous  under- 
taking (cf.  Ziemann,  p.  49).  In  dried  specimens  stained  by  Xocht's 
method,  however,  the  j'oung  extra-cellular  jiarasite  may  be  positively 
identified  from  the  presence  of  a  characteristic  mass  of  cliromatin. 
In  my  specimens  such  extra-cellular  bodies  were  rarely  encountered. 

At  a  very  early  period  of  its  development  the  sestivo-autumnal  para- 
site in  tlie  present  cases  assumed  a  very  characteristic  ring  shape. 
Many  of  these  rings  early  developed  a  thickening  of  one  segment, 
and  to  these  bodies  of  various  sizes  the  term  "  signet-ring  "  very  aptly 
applies  (Plate  XXX,  Fig-s.  5-7).  It  was  noted  that  in  some  cases  the 
rings  failed  to  exhibit  this  thickening,  but  remained  of  a  uniform  hut 
very  fine  caliber  throughout  (Plate  XXX,  Fig.  4).  The  period  during 
which  the  rings  retained  this  uniform  caliber  was  not  determined,  but 
bodies  of  this  type  were  seen  measuring  at  least  3  ."■  in  diameter. 
They  nearly  always  presented  two  nuclear  bodies,  lying  at  opposite 
poles  or  close  together.  Occasionally  such  ring-s  were  found  to  have 
unfolded  and  to  be  stretched  like  a  thread  across  the  cell,  the 
nuclei  appearing  at  inconstant  intervals.  In  other  cases  no  rings  of 
this  type  were  seen,  all  showing  the  thickening  of  the  signet  and  a 
single  nuclear  body.  In  the  majority  of  cases  rings  of  both  types 
were  associated  in  variable  numliers. 
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Xo  connection  was  demonstrated  between  the  clinical  features  of 
these  cases  and  the  occurrence  of  these  two  tyjDes  of  rings,  as  both  were 
found  in  cases  showing  intermittent  tertian  paroxysms,  quotidian 
paroxysms,  remittent  fever  of  seven  days'  duration,  and  irregular 
fever  for  longer  periods. 

21ultiple  infection  with  the  young  rings  was  very  common  in  the 
red  cells  of  most  cases  of  the  present  series  and,  as  a  rule,  its  occur- 
rence was  proportionate  to  the  severity  of  the  disease.  In  the  peri- 
jjheral  blood  tJiree  parasites  were  often  found  in  the  same  red  cell, 
occasionally  as  many  as  fonr;  Avhile  in  smears  of  the  marrow  of  a 
fatal  case  infection  of  one  red  cell  with  four  rings  was  common,  five 
parasites  were  occasionally  seen  in  the  same  cell,  and  one  slightly 
swollen  red  cell  was  encoimtered  containing  seven  well-formed  rings 
(Plate  XXX,  Fig.  2).  These  observations  accord  with  those  of  Zie- 
mann  (op.  cit.,  p.  -49),  M-ho  found  often  three  and  four  parasites,  and 
once  as  many  as  five,  in  one  red  cell. 

It  appears  in  the  descriptions  of  Hcemama'ha  immaculata,  which  is 
5aid  to  sporulate  without  producing  pigment,  that  most  of  the  rosettes 
contain  comparatively  few  spores,  averaging  from  6  to  10  (Marchia- 
fava,  BigTiami,  Ziemann,  Marchoux,  Grassi  and  Feletti).  The  close 
resemblance  to  a  non-pig-mented  rosette  presented  by  some  of  these 
red  cells  harboring  5  or  6  young  parasites  was  very  striking.  In  my 
specimens  (Plate  XXX,  Fig.  2)  there  could  be  no  doubt  as  to  the 
proper  interpretation  of  the  appearances. 

Multiple  infection  of  the  red  cell  appears  in  rather  rare  instances 
to  lead  to  the  development  of  a  peculiar  form  of  the  young  sestivo- 
autnmnal  parasite  on  which  Mannaberg  bases  his  unique  theory  of  the 
development  of  crescents.  This  body  consists  in  the  apparent  union 
of  two  rings  by  a  fusion  of  their  nuclear  bodies  (Plate  XXX,  Fig.  3). 
Mannaberg  depicts  all  transitional  forms  between  these  bodies  and  the 
fully  developed  crescent.  Many  examples  of  these  double  rings  were 
encountered,  but  the  various  transitional  forms  from  yoimg  double 
rings  to  crescents,  shown  in  ]Mannaberg's  plates,  were  not  seen  in  the 
present  cases. 

The  signet-ring  forms  frequently  reached  a  diameter  of  4  "  .  while 
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still  retaining  the  peculiar  thickening  of  one  segment  and  a  very  dis- 
tinct nuclear  body  staining  with  methylene  blue  and  surrounded  by 
a  naiTow  achromatic  zone  (Plate  XXX,  Figs.  6  and  7).  Beyond  this 
size,  when  persisting  in  the  peripheral  blood,  the  growth  of  the  para- 
site produced  an  irregular  body  in  which  the  outline  of  the  ring  be- 
came more  or  less  obscure.  The  exact  periods  required  in  tlie  develop- 
ment of  these  rings  were  not  definitely  determined,  but  in  six  cases 
taking  quinine  typical  signet-ring  forms  were  seen  in  the  peripheral 
blond  GO  to  72  hours  after  the  beginning  of  the  paroxysm.  It  seems 
probable,  however,  that  these  were  belated  individuals  belonging  to 
a  somewhat  scattered  brood  of  which  the  majority  either  had  retired 
to  internal  capillaries  or  had  been  destroyed  by  quinine.  Yet  in 
some  cases  in  which  the  blood  changes  were  followed  at  intervals  of 
6  to  12  hours,  the  increase  in  the  size  of  the  rings  proved  to  be  sur- 
prisingly slow,  and  the  impression  was  obtained  from  these  cases  that 
the  full  development  of  the  signet  ring  usually  requires  at  least  24 
hours  and  sometimes  longer. 

In  the  majority  of  cases  the  ring  forms  seen  in  the  peripheral  blood 
failed  to  show  any  trace  of  pigment,  especially  in  patients  showing 
distinctly  intermittent  quotidian  or  tertian  paroxysms.  In  a  consider- 
able number  of  instances,  however,  especially  in  very  severe  and  fatal 
infections,  the  largest  rings  exhibited  a  few  very  minute  pigment 
grains,  and  were  then  usually  associated  with  older  pigmented  forms. 

The  later  forms  of  the  testivo-autumnal  parasite  are  rather  rarely  seen 
in  the  peripheral  circulation.  Most  of  the  Italian  writers  speak  of  their 
occurrence  in  the  blood  of  the  finger  as  being  very  unusual  but  not 
unknown.  Sacharoff,  in  two  cases  of  a;stivo-autumnal  infection,  saw 
many  rosettes  in  the  peripheral  blood.  Ziemann  reports  that  in  malig- 
nant tertian  cases  occurring  in  Italy,  he  could  follow,  in  the  blood,  the 
complete  cj'cle,  but  that  in  cases  occurring  in  Kamerun  the  later  forms 
were  not  found  in  the  finger  blood.  Plehn  describes  a  variety  of  para- 
site which  he  believes  is  peculiar  to  hjemoglobinurie  fever,  and  of  which 
the  later  forms  are  of  very  small  size  but  abundantly  represented  in  the 
peripheral  blood. 

In  five  cases  of  the  present  series  the  entire  developmental  cycle 
of  the  a-stivo-autumnal  parasite  could  be  followed  in  the  peripheral 
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blood,  and  on  the  forms  obscrvcil  in  these  cases  is  based  the  present 
description  of  the  later  phases  of  this  parasite. 

After  the  ring  has  reached  its  full  size  (4  /',  24  lirs.  +),  the  swollen 
segment  begins  to  increase  in  Indk  and  to  involve  a  larger  portion  of 
the  circumference,  yielding  forms  seen  in  Plate  XXX,  Figs.  8-10. 
Some  of  these  forms  closely  resembled  the  turban-shaped  rings  of  the 
tertian  parasite  (Plate  XXIX,  Figs.  4  and  5),  but  were  much  smaller. 
A  few  fine  pigment  grains  were  usually  found  scattered  along  the 
periphery  of  the  growing  segment.  Forms  corresponding  to  the  full- 
grown  tertian  parasite  with  homogeneous  body  were  rarely  seen  in 
the  peripheral  blood  of  these  five  cases,  but  occasionally  some  were 
encountered  (Plate  XXX,  Figs.  11  and  12)  occupying  three-fourths 
of  the  shrunken  cell,  staining  homogeneously  with  methylene  blue, 
and  failing  to  exhibit  a  distinct  nuclear  body  after  methylene  blue  or 
hfcmatoxylin.  In  sectious  of  tissues  from  fatal  eases  these  bodies 
appeared  to  be  rather  more  numerous,  but  it  was  very  difficult  to 
distinguish  in  sections  such  homogeneous  bodies  from  the  slightly 
reticulated  bodies  representing  the  next  stage  of  development.  The 
fact  that  all  other  stages  of  the  parasite  Avere  abundantly  represented 
in  the  blood  of  these  cases,  while  the  homogeneous  forms  were  very- 
few,  indicates  that  this  period  of  development  passes  rapidly  with  the 
a?st.ivo-autumnal  organism. 

^ilost  of  the  larger  forms  of  the  parasite  seen  in  the  blood-smears 
of  these  five  cases  gave  evidence  of  approaching  segmentation,  exhibit- 
ing a  distinctly  reticular  structure  and  a  condensation  of  pigment 
into  one  or  two  clumps  (Plate  XXX,  Figs.  13  and  14).  In  many  of 
these  bodies  the  original  ring  persisted  at  one  segiuent  of  the  parasite, 
but  appeared  to  be  of  reduced  size  and  was  sometimes  subdivided  by 
strands  of  protoplasm.  The  nuclear  body  at  this  period  failed  entirely 
to  stain  with  methylene  blue  and  was  indistinct  after  hsematoxylin, 
resembling  in  this  respect  the  full-grown  homogeneous  tertian  organ- 
ism. The  presence  of  a  distinct  achromatic  spot  adjoining  the  clump 
of  pigment  was  very  frequent  in  these  forms  and  this  spot  was  found 
by  Xocht's  stain  to  be  composed  of  chromatin  granules.  The  reticu- 
lar structure  of  these  bodies  was  ustaally  distinct  and  the  meshes  were 
coarse. 
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The  further  development  of  the  presegmenting  forms  is  represented 
in  Figs.  14  and  15,  Plate  XXX.  In  them  the  reticular  structure  be- 
comes more  distinct,  the  pigment  is  still  further  concentrated,  and  the 
subdi^nded  nuclear  bodies  appear  as  small  achromatic  spots  in  the 
meshes  of  the  reticulum  and  again  stain  distinctly  with  hajmatoxvlin. 

Rosettes  (Plate  XXX,  Fig.  16)  appeared  in  the  peripheral  blood  of 
the  five  cases  in  moderate  numbers  and  exhiljited,  in  all,  a  very 
uniform  structure.  The  pigment  was  grouj)ed  in  a  central  granuhir 
clumji,  or,  rarely,  Avas  somewhat  scattered.  The  spores  seemed  to  lie 
arranged  in  two  rows,  but  this  appearance  was  probably  an  optical 
effect  produced  by  the  flattening  of  the  more  or  less  spheroidal  body 
of  the  rosette,  the  spores  ofiginally  lying  in  the  central  axis  of  the 
parasite  falling,  in  the  hardening  process,  within  those  lying  in  the 
periphery.  AVhen  admitting  of  accurate  enumeration  their  numbers 
were  found  to  vary  ])etweeu  18  and  21.  Tlie  same  number  of  spores 
Was  repeatedly  counted,  in  favorable  specimens,  smeared  from  the 
marrow  of  fatal  cases.  In  sections  of  the  tissue  of  fatal  cases,  how- 
ever, the  number  of  spores  appeared  to  vary  between  wider  limits, 
i.  e.,  8  to  20,  but  as  the  entire  rosette  need  not  always  be  included  in 
the  section,  the  observations  made  in  smears  are  the  more  reliable.  A 
rim  of  hiemoglobin  invariably  surrounded  the  rosette  and  strands  of 
haemoglobin  were  frequently  found  running  between  the  spores  for 
a  variable  distance,  sometimes  within  the  outer  row.  These  rosettes 
differed  from  tertian  segmenting  forms  in  the  smaller  size  of  the  body 
and  shrunken  appearance  of  the  cells,  and  in  the  small  size,  but  not 
■in  the  number,  of  the  spores. 

In  none  of  the  blood-smears  nor  in  sections  of  tissues  of  the  fatal 
cases  were  any  rosettes  seen  without  pigment.  Although  the  arrange- 
ment of  the  spores  and  pigment  often  varied,  there  were  no  indica- 
tions of  the  subdivision  of  the  process  of  segmentation  into  the  three 
types  described  by  Golgi,  nor  were  any  forms  seen  which  resembled 
the  bodies  described  by  Celli  and  Guaruieri,'  and  referred  by  them, 
with  some  uncertainty,  to  irregular  sporulatiou. 

The  changes  in  the  chromatin  of  the  aestivo-autumnal  parasite  can  be 

'  Foftschrilte  d.  Mediciii,  18S9,  vii,  p.  .528. 
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followed  in  speciiuens  stained  by  Nocdit's  method  (Plate  XXX,  Figs. 
6-12),  but  on  account  of  the  smaller  size  of  the  parasite  and  the  scar- 
city of  older  forms  in  the  blood,  it  is  difficult  to  trace  the  early  phases 
of  segmentation.  In  the  young  ring  fonns  the  early  subdivision  of 
the  chi'omatin  has  been  noted  by  Gautier,  and  in  my  specimens  was 
a  prominent  differential  character  from  the  tertian  rings.  A  great 
variety  of  appearances  was  produced  by  the  irregular  subdivision  and 
distribution  of  the  chromatin  in  the  yoimg  sestivo-autumnal  parasite, 
many  of  which  have  been  sketched  or  described  for  the  tertian  rings. 
The  grains  were  usually  quite  small  and  were  sometimes  apparently 
fused  into  a  spindle-shaped  mass,  lying  within  the  ring.  Other  pecu- 
liarities noted  were:  a  markedly  unequal  size  of  the  grains,  a  widely 
separate  position,  a  frequent  concentration  in  the  centre  of  the  ring, 
and,  very  rarely,  a  complete  absence  of  chromatin. 

After  24  hours'  growth,  the  chromatin  granules  became  more 
numerous  and  extremely  minute,  and  were  enclosed  in  a  trace  of  the 
"  milky  substance,"  as  in  the  teitian  parasite. 

When  any  considerable  quantity  of  pigment  gathers  in  the  sestivo- 
autumnal  parasite  it  is  usually  found  in  one  or  two  groups,  but  rarely 
is  diffuse.  When  the  parasite  has  reached  the  full-grown  homogen- 
eous stage  the  pigment  is  commonly  found  concentrated  in  a  single 
compact  mass.  This  early  concenti-ation  of  pigment  is  one  of  the 
chief  features  which  distinguish  the  sestivo-autumnal  from  the  tertian 
parasite  in  the  presegmenting  stage.  This  fact  has  been  fully  em- 
lihasized  by  Gautier  and  was  very  uniformly  illustrated  in  my  cases. 
The  changes  in  the  chromatin  in  the  presegmenting  sestivo-autumnal 
body  (Plate  XXX,  Pigs.  13-15)  are  similar  to  those  of  the  tertian 
parasite.  In  some  of  the  specimens  the  chromatin  granules  were 
found  in  radiating  lines  stretching  from  the  parent  mass  to  the  new 
peripheral  groups  (Plate  XXX,  Pig.  13).  In  many  specimens  the 
peripheral  group  of  granules  was  well  formed  while  the  central  por- 
tions of  the  body  contained  many  dift'use  granules  (Plate  XXX,  Fig. 
14).  The  relative  quantity  of  chromatin  in  some  of  these  bodies 
appeared  surprisingly  large.  The  spores  in  the  mature  rosettes 
usually  contained  single  compact  grains  of  chromatin  (Plate  XXX, 
Fig.  IG),  which  stain  readily  by  methylene  blue,  but  in  some  rosettes 
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two  large  granules  of  cliromatin  •were  seen  in  a  few  spores,  altliougli 
the  rosette  seemed  ready  to  burst.  The  double  nuclei  seen  in  many 
young  sestivo-autumnal  rings  may  pei'haps  be  referred  to  the  incom- 
plete fusion  of  the  chromatin  in  the  rosette. 

III.    OS  THE   rLUEAI.lTV   OF  SPECIES   IX  THE   .TiSTlVO-ADTCMNAL  GEOUP   OF 
PABASITES. 

The  probability  that  several  species  of  parasites  are  concerned  in 
the  severe  types  of  malarial  fever  prevailing  in  warm  climates,  especi- 
ally during  the  summer  and  autumn,  has  been  maintained  chiefly  by 
Marchiafava,  Celli,  Bignami,  and  Grassi.  From  their  studies  of  this 
group  of  fevers  they  divide  the  a^stivo-autumnal  group  of  parasites 
into  two  species:  (1)  The  quotidian,  and  (2)  the  malignant  tertian. 

1.  The  quotidian  parasite. — The  typical  fever-curve  of  this  variety 
the  authors  found  rather  rarelj',  more  frequently  in  relapses  than  in 
initial  seizures,  while  a  postponement  of  paroxysms  was  usually  ob- 
served, and  a  continuous  fever  was  very  coimnon.  The  typical  attack  is 
short,  the  fever  lasting  G  to  8,  rarely  12,  hours,  the  temperature  then 
falling  to  37°  C.  or  lower.  The  descriptions  of  the  morphology  of  this 
parasite  unfortunately  refer  only  to  the  appearances  in  fresh  blood. 

During  the  rise  of  the  temperature,  the  sweating  stage,  and  the  first 
hours  of  apyrexia,  the  blood  was  found  to  contain  a  variable  number  of 
red  corpuscles  infected  with  one  or  more  very  actively  motile,  or  non- 
motile,  parasites  of  discoidal  or  ring  shape.  During  the  afrebrile  period 
the  parasite  increased  in  size,  the  amoeboid  motion  diminished  or  ceased, 
and  fine  pigment  grains  were  deposited  along  the  periphery  of  the 
organism.  Later,  in  the  larger  forms,  the  pigment  gathered  in  a  single 
clump  or  heap  of  grains.  During  the  entire  development  the  infected 
red  cell  diminished  in  size  and  presented  a  "  brassy  "  color  as  a  result 
of  "  acute  necrosis "  induced  by  the  parasite.  Rosettes  were  seldom 
encountered  in  the  blood  of  the  finger,  segmentation  occurring  prin- 
cipally in  the  internal  organs,  as  seen  in  the  aspirated  splenic  blood. 
Earely  segmentation  occurred  before  pigmentation,  but  usually  the 
numerous  round  or  oval  spores  were  found  grouped  about  a  ceutral  pig- 
ment mass,  the  rosettes  being  much  smaller  than  those  of  the  quartan  or 
common  tertian  parasite.  Contrary  to  the  rule  in  malignant  tertian 
infections,  the  young  parasites  were  found  in  the  blood  from  the  be- 
ginning of  the  paroxysm,  and,  except  in  very  mild  cases,  there  was  no 
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period  in  tlie  cycle  when  the  parasites  were  absent  from  tlie  blood  of  ilie 
linger. 

2.  The  maligiiaiil  tertian  parasite  is  distinguished  by  the  authors  on 
botli  clinical  and  morphological  grounds.  Clinically  the  typical 
paroxysm  begins  with  a  sharp  elevation  to  about  40°  C,  the  febrile 
period  lasts  24  or  36  to  40  hours,  is  marked  by  a  pseudo-crisis  and  pre- 
eritical  elevation,  the  fever  describing,  in  the  three-hourly  chart,  a  char- 
acteristic course  which  differs  from  that  of  the  mild  or  common  tertian 
paroxysm.     A  tendency  towards  various  irregularities  is  common. 

In  the  blood  the  parasites  may  be  scarce  or  even  entirely  absent  at  the 
beginning  of  the  paroxysm.  At  the  height  of  the  fever  the  red  cells 
contain  certain  small,  non-motile,  annular  or  disk-shaped  bodies,  or 
irregular  amoeboid  bodies,  which  begin  to  show  pigmentation  towards 
the  approach  of  the  afebrile  period.  Most  of  the  parasites  then  disap- 
pear from  the  peripheral  blood,  and  rosettes  are  rarely  seen  except  in 
some  very  rich  infections.  The  presegmenting  forms  are  round  or  ovoid, 
are  one-fourth  to  one-half  the  size  of  the  red  cell,  and  the  pigment  is 
gathered  in  a  single  clump  or  in  a  mass  of  vibrating  granules.  The 
rosettes  occupy  about  two-thirds  of  the  red  cell  and  exhibit  two  rows  of 
spores  which  usually  number  10  to  12.  rarely  15  to  16.  The 
infected  cells  are  markedly  shrunken  and  present  a  ''  brassy '"'  or 
"  golden  "  appearance. 

The  authors  distinguish  the  malignant  tertian  parasite  from  the  com- 
mon or  mild  variety  on  the  following  features: 

(1)  The  malignant  tertian  parasite  is  smaller  in  all  stages.  (2)  It 
assumes  the  ring  shape,  which,  in  the  benign  tertian  parasite,  is  never 
seen.  (This  statement  has  been  shown  by  many  writers  to  be  erroneous. 
Most  of  the  young,  mild  tertian  parasites  are  ring-shaped.)  (3)  Its  pig- 
ment is  less  abundant  and  often  non-motile,  while  in  the  other  the  pig- 
ment is  very  abundant  and  always  in  vibratory  motion.  (4)  The  rosettes 
are  smaller,  contain  only  10  to  12  (rarely  16)  spores  (?),  and  are  rarely 
seen  in  the  finger  blood,  (."i)  The  infected  cell  is  shrunken  instead  of 
being  swollen,  as  with  the  mild  tertian  infection. 

From  the  quotidian  parasite  the  malignant  tertian  is  distinguished  on 
the  following  grounds: 

(1)  The  malignant  tertian  amoeba  is,  in  corresponding  stages,  larger 
and  less  transparent  than  the  quotidian.  (2)  In  the  tertian  parasite  the 
amceboid  movement  is  livelier,  so  that  the  resting  discoidal  forms  are 
less  frequent  than  with  the  quotidian  parasite.  The  larger  pigmented 
tertian  forms  also  are  often  amteboid,  this  property  persisting  for  24 
hours   or   longer.     (.3)    The    ])ioinent    of    the    tertian    ]iarasite   is    often 
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vibrator}',  but  never  in  the  quotidian.  (4)  In  the  quotidian  rosettes  pig- 
ment is  sometimes  wanting.  (-5)  The  appearance  in  the  finger  blood 
of  a  new  generation  of  tertian  parasites  is  seen  some  hoiu-s  after  the 
beginning  of  the  paroxysm,  therefore  much  later  than  with  the  quotidian 
infection. 

JIarchiafava  and  Bignanii  admit  tliat  the  similaritj'  between  the 
malignant  tertian  and  the  quotidian  parasites  is  very  great,  and  that 
the  differential  diagnosis  is  very  difficult,  and  possible  only  from  the 
full-grown  forms  seen  just  before  the  paroxysm.  They  apparently 
do  not  feel  quite  certain  that  the  quotidian  and  malignant  tertian 
parasites  are  separate  species,  as  is  indicated  by  the  following  extract 
from  their  discussion  on  this  point : ' 

"  The  remarkable  points  of  resemblance  between  the  quotidian  and 
malignant  tertian  parasites  make  it  very  difficult  to  solve  the  question 
whether  we  have  to  do  with  different  sorts  of  parasites"  in  the  strict 
sense,  or  with  one  and  the  same  parasite  which  varies  greatly  in  the 
time  of  its  development — 2-1  to  48  hours — and  there  are  all  intermediate 
degrees.  On  this  latter  theory  it  becomes  easy  to  ascribe  the  morpho- 
logical differences  to  the  varj-ing  length  of  the  cycle.  But  various  facts 
oppose  this  hj-pothesis.  First,  the  clinical  types  of  the  quotidian  and 
tertian  are  clearly  distinct  from  each  other,  and  have  a  certain  stability 
which  is  maintained  in  relapses  and  recurrences.  Second,  we  have 
never  met  with  intermediate  forms  or  transitional  cases,  although  it  is 
very  difficult  to  interpret  the  irregular  fever.  Granting  that  the  ques- 
tion cannot  at  present  be  solved  definitely.  ...  we  are  inclined  to 
adopt  the  view  that  the  amoeba  of  the  quotidian  and  the  amoeba  of  the 
summer  tertian  are  closely  related  varieties  of  one  and  the  same  parasite." 

Mannaberg'  accepts  the  views  of  Marchiafava,  Celli,  and  Bignami.  in 
respect  to  the  separate  nature  of  the  malignant  tertian  and  a  quotidian 
group  of  parasites,  and  his  description  of  the  morphology  of  the  parasites 
does  not  differ  from  that  of  the  preceding  authors  whom  he  largely 
quotes.  From  his  description  of  the  single  case  of  quotidian  fever  it  is 
impossible  to  determine  how  many  groups  of  parasites  were  present  in 
the  blood. 

Grassi  and  Feletti "  include  all  tertian  parasites  in  one  class 
{Hcpmamceba  rivax)  and  state  that  an  easily  recognized  species  of  malig- 
nant quotidian  parasite  (77.  pracoi)  is  found  in  Catania  during  the  sum- 

*  Translation,  The  S'ea  Sydenham  Society.  London,  1894.  vol.  cl. 

«  Die  Malarial^rankheiten.     Wien,  1899. 

">  Centralbl.  f.  Bakter.,  1891,  x,  pp.  449,  481  and  .51T. 
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nicr  anil  autumn.  Their  oiiiniim  appeal's  to  be  l)arfed  largely  on  an 
aeceptanee  of  the  views  of  Marchiafava,  C'elli,  and  Bignami,  as  they 
offer  no  detailed  description  of  these  jjarasites  nor  of  the  cases  in  which 
they  have  found  the  latter  variety. 

Of  the  cases  reported  by  Thayer  and  Ilewetson.  in  lit  young  a?slivo- 
atitiimnal  parasites  were  seen  in  the  blood,  and  of  these  cases  73  exhib- 
ited quotidian  fever.  Although  the  examination  of  these  cases  was 
made  almost  wholly  with  fresh  blood,  it  is  significant  that  they  found  no 
evidence  on  which  to  subdivide  the  group  of  sestivo-autumnal  parasites. 

Ziemaun,  from  the  study  of  310  cases  of  a^stivo-autumnal  infection, 
was  unable  to  find  sufficient  grounds  for  the  subdivision  of  this  group. 
He,  however,  mentions  the  fact  that  the  small  parasite  observed  in  cases 
occurring  in  Crema  and  Grosseto  showed  slightly  less  amoeboid  motion 
than  that  found  in  cases  in  Kamerun,  and  admits  the  possibility  that 
quotidian  ffistivo-autiminal  fever  may  be  referable  to  a  parasite  which 
comp)letes  its  development  in  24  hours.  lie  regards  it  as  equally  prob- 
able, on  the  other  hand,  that  the  quotidian  fever  is  caused  by  the 
growth  of  two  generations  of  small  tertian  parasites,  but  in  his  entire 
series  he  was  unable,  on  account  of  the  disappearance  of  the  parasites 
from  the  peripheral  blood,  to  determine  accurately  the  length  of  the 
cycle.  In  his  cases  of  malignant  tertian  fever,  the  prolongation  of  thr 
febrile  paroxysm,  described  by  Marchiafava  and  Bignami  as  a  character- 
istic feature  of  the  malignant  tertian  infection,  was  not  always  to  be  seen. 
On  these  various  grounds  he  concludes  that  all  forms  of  the  jestivo- 
autumnal  parasite  belong  to  one  group  of  which  the  cycle  varies  in  length 
from  34  to  48,  or  possibly  73  hours. 

Gautier,"  who  has  very  carefully  studied  the  malarial  parasites  of  the 
Caucasus  in  specimens  stained  by  Eomanowsky"s  method,  has  failed  to 
find  any  which  he  could  regard  as  completing  their  cycle  in  34  hours. 
Gautier's  charts  illustratiug  the  forms  of  the  parasite  prevailing  in  the 
blood  at  various  periods  of  the  cycle  very  graphically  illustrate  the 
difficulty  of  following  the  development  of  the  asstivo-autumnal  parasite 
in  the  peripheral  blood.  The  prolongation  of  the  febrile  paroxysm  was 
sometimes  present,  sometimes  wanting,  and  appeared  to  be  referable  to 
the  maturation  of  svib-groups  of  parasites  (see  his  Curve  III). 

In  my  cases  there  was  a  moderate  number  of  pure  tertian  par- 
oxysms caused  by  infection  with  a  parasite  morphologically  identical 

"  Ueber  den  Parasit  Laverau  etc.  (Russian).  Moscow,  lSfl6,  and  Ztxclir.  f.  ITi/i/. 
1898,  xxviii,  p.  43',). 
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M-itli  tlic  nialijiiiant  tortian  of  ^Farcliiafava  and  Bignami.  The  pro- 
longation of  the  paroxvr^ni  and  the  psendo-crisis  were  sometimes  ob- 
served. I  encountered  the  same  difficnltv  experienced  by  Ziemanu 
and  Gautier  in  determining  the  length  of  the  cycle  from  the  parasites 
in  the  peripheral  1)lood,  and  believe  that  it  is  seldom  possible  on  this 
evidence  alone  to  demonstrate  a  -iS-hour  cycle  for  the  parasite.  The 
infecting  brood  is  seldom  very  compact,  and  in  rich  infections,  in 
which  alone  presegmenting  bodies  and  rosettes  appear  in  the  blood,  the 
groups  are  nearly  always  multiple.  In  my  preliminary  report '"  on 
the  Montank  eases  this  difficulty  \\:i<  nutcil.  Indeed,  in  6  cases,  it 
seemed  impossible  to  find  any  marked  cliange  in  the  size  of  the  para- 
sites in  the  peripheral  blood  for  three  days  after  the  chill,  the  ring- 
forms  persisting  for  that  period  and  being  constantly  supplied  by 
constantly  maturing  rosettes  in  the  visceral  capillaries  (see  also  (iau- 
tier's  tables).  The  frequency  of  cases  showing  the  ring  forms  per- 
sisting, with  slight  changes,  for  two  or  three  days,  led  to  the  belief  that 
the  cycle  of  development  must  sometimes  extend  over  48  hours. 
I  was  not  then  familiar  with  Golgi's  conclusions,  but  since  find  that 
this  observer,  who  is  certainly  qualified  to  know  what  evidence  is 
needed  to  establish  a  4S-lionr  cycle,  concluded  that  "  the  parasites  in 
the  blood  of  ffistivo-autumnal  cases  are  only  an  index  of  the  infection, 
have  little  to  do  with  the  real  jiathogenesis  of  the  fever,  and  that  they 
represent  early  phases  of  a  cycle  which  is  much  longer  than  has  been 
believed." 

In  one  of  my  cases,  however,  in  which  the  examinations  of  the 
blood  were  supplemented  by  microscopical  examination  of  tlie  viscera, 
a  4S-hour  cycle  appeared  to  be  demonstrated.  For  the  present  pur- 
pose, therefore,  the  temperature  chart  furnishes  by  far  the  most  con- 
vincing evidence. 

The  majority  of  my  cases,  however,  showed  quotidian  excursions, 
and  the  temperature  chart  was  of  little  value  in  determining  the  length 
of  the  cycle.  In  these  the  parasites  in  the  blood,  and  occasionally  in 
the  viscera,  were  submitted  to  microscopic  examination  in  the  fresh 
condition,  and  in  specimens  stained  by  eosin  and  methylene  blue,  and 
by  Xocht's  method.     From  this  study,  only  one  feature  was  noted 

•  HA'cic  York  ^MiCit^  JiHint'il,  ISI)!),  Ixix,  y\'.   114  ami  14'.>. 
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which  coukl  possibly  serve  to  separate  the  parasites  into  two  groups, 
and  this  rehited  to  the  form  of  the  young  rings.  The  majority  of  the 
young  ajstiv'o-autumnal  rings  exhibit  a  single  chromatin  granule  and 
a  distinct  thickening  of  one  segment  of  the  ring,  and  this  latter  char- 
acter is  maintained  from  the  very  smallest  form  up  to  bodies  at  least 
-I-  /'•  in  diameter.  In  addition  to  these  signet-ring  forms,  other  rings 
were  seen  which  lacked  the  signet,  were  provided  with  two  chromatin 
gTanules  usually  located  at  opposite  points  in  the  circumference  of  the 
ring,  and  which  retained  this  appearance  up  to  a  considerable  size 
(3/',  rareh^  4/^).  Such  rings  have  been  repeatedly  observed  before 
and  accurately  sketched  (Gautier,  Ziemann,  Marchoux).  See  Plate 
XXX,  Fig.  i. 

In  some  severe  cases  these  ring's,  lacking  the  signet,  constituted  the 
majority  of  all  those  seen  in  the  blood;  usually  both  forms  were 
abundantly  present,  and  in  some  distinctly  tertian  cases,  while  tlie 
signet-rings  were  more  numerous,  the  other  type  was  also  represented 
in  small  numbers.  I  am,  therefore,  unable  to  conclude  that  these 
peculiar  rings  belong  to  a  separate  species  of  parasite  with  a  short 
cycle  of  development. 

N'o  other  morphological  differences  were  noted  in  the  young  rings 
of  these  cases.  It  is  possible,  but  hardly  probable,  that  the  quotidian 
parasite,  if  it  exists,  was  not  represented  among  the  cases  seen  at 
Montauk. 

Between  parasites  of  larger  size,  as  seen  iu  the  blood  and  in  smears 
of  the  viscera  of  fatal  cases,  considerable  difference  in  size  was  noted, 
but  the  smallest  presegmenting  bodies  and  rosettes  encountered  were 
found  associated  only  with  the  usual  form  of  signet  rings.  My  obser- 
vations on  the  parasites  in  the  fresh  condition  failed  to  show  any  tmi- 
form  difference  in  the  refractive  quality  or  amteboid  activity,  but 
under  the  circumstances  they  could  not  be  pursued  so  extensively  as 
was  desired. 

The  evidence  secured  failed  therefore  to  establish  any  clinical  or 
morphological  grounds  on  which  to  separate  the  parasites  of  per- 
nicious malarial  fever  into  two  or  more  groups. 

It  does  not  seem  likely  that  such  a  division  can  be  successfully 
maintained  except  on  morphological  grounds.      The  difficulty  in  fol- 
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lowing  tlic  dcvclupiufut  in  tlic  l)lo(xl  of  even  a  4S-liour  parasite  is  well 
illustrated  by  Gautier's  tables,  and  must  be  considerably  increased 
when  dealing  with  a  more  rapidly  maturing  form.  The  tendency  of 
the  Eestivo-autunmal  parasite  to  be  held  in  the  viscera  during  its  later 
phases  very  greatly  complicates  the  undertaking.  In  the  cases  of 
quotidian  infection  reported  in  detail  by  Marchiafava,  Bignami,  and 
Guarnieri,  one  fails  to  find,  iu  the  results  of  the  blood  examination, 
convincing  evidence  of  the  existence  of  one  group  of  parasites  with  a 
24:-hour  cjx'le.  The  clinical  peculiarities  observed  in  these  cases  are 
not  without  signiticance,  but  are  of  themselves  entirely  inconclusive 
and  still  require  confirmation.  The  evidence  on  which  the  quartan, 
tertian,  and  nestivo-autumual  parasites  are  separated  is  of  entirely  dif- 
ferent value  from  that  on  which  it  is  proposed  to  divide  the  aestivo- 
autumnal  group.  Distinct  morphological  charactei-s  have  not  been 
clearly  established,  peculiar  clinical  features  have  not  been  shown  to 
characterize  any  considerable  group  of  cases,  the  developmental  phases 
of  a  24-hour  cycle  have  not  been  demonstrated  in  the  blood  or  viscera, 
and  it  would  seem  that  further  observations  are  required  before  the 
existence  of  a  quotidian  ])arasite  can  be  accepted  even  as  a  working 
hypothesis. 

The  later  position  of  ^larehiafava  and  IJigiiauii,  admitting  tiiat  the 
existence  of  two  species  in  the  aestivo-autumnal  group  is  not  proven, 
would  therefore  =ecm  to  be  justified. 

That  72  hours  may  occasionally  be  required  for  the  cvcle  of  the 
fpstivo-autumnal  parasite  is  indicated  by  the  observation  of  a  few  cases 
of  quartan  fever  with  this  infection.  Such  eases  have  been  reported 
by  Gautier  and  Ziemann.  The  paroxysms,  in  Ziemann's  case,  were 
twice  repeated,  with  intervals  of  two  days;  the  fever  almost  completely 
subsided  in  the  interim;  and  there  seems  to  be  no  reason  to  stippose 
that  the  irregular  maturation  of  tertian  broods  could  possibly  have 
produced  the  paroxysms.'^ 

•^K.  Koch,  whose  report  on  malaria  in  tropical  countries  has  appeared  since  the 
completion  of  this  article,  has  also  reached  the  conclusion  that  there  is  but  one 
species  of  the  a>stivo-autumnal  parasite,  and  that  in  fresh  cases  the  fever  is  uniformly 
of  the  tertian  type,  but  later  tends  to  become  more  and  more  irregular.  He  considers 
"tropical"  a  more  appropriate  epithet  than  "  lestivo-autumnal "  to  designate  this 
parasite  and  the  fever  caused  by  it  (Deutsche  med.    Woclienschr.,  1900,  p.  781). 
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IIcrnuuiKC'ba    iiiuiiacuhitti. 

Grassi  and  Feletti,  Marchial'ava  and  Celli,  Bignanii,,  Guarnieri,  Sach- 
aroff,  Marclioux,  and  Ziemann,  report  eases  in  which  rosettes  free  from 
pigment  were  found  in  the  blood  or  viscera.  Most  of  these  authors, 
wliile  admitting  that  the  parasite  may  occasionally  sporulate  without 
producing  pigment,  are  not  inclined  to  regard  lUvtnamwha  iminiiculala 
(Grassi)  as  a  separate  species. 

Grassi  and  Feletti,  however,  claim  to  have  observed  in  a  bird  pure 
infection  with  a  varietj'  of  parasite  which  failed  to  produce  pigment, 
and  regard  the  appearance  in  the  human  subject  of  rosettes  without 
pigment  as  evidence  of  infection  by  a  distinct  species  of  parasite.  Man- 
naberg  also  accepts  this  view. 

In  the  ref)ort  of  the  examination  of  the  viscera  of  this  bird  by  Grassi 
and  Feletti  no  mention  is  made  of  the  presence  or  absence  of  pigment, 
and  it  is  impossible  to  determine  whether  or  not  the  infection  had 
failed  to  produce  pigment  in  the  viscera  as  well  as  in  the  peripheral 
blood.  In  all  cases  in  which  pigment-free  rosettes  have  been  found  in 
the  blood  of  human  subjects  there  have  been  found  the  usual  pigment 
deposits  and  pigmented  rosettes  in  the  viscera.  That  there  is  consid- 
erable variation  in  the  quantity  of  pigment  prochiced  by  the  parasite  in 
fatal  cases  is  shown  by  the  reports  by  Marchiafava  and  Bignami  of  fatal 
eases  in  which  a  microscopic  examination  was  required  to  show  the 
presence  of  very  scanty  deposits  in  the  viscera.  Ziemann  mentions 
in  this  connection  that  he  has  seen  a  presegmenting  body  of  the  benign 
tertian  type  which  was  entirely  free  from  pigment. 

I  have  already  mentioned  (p.  447)  the  marked  resemblance  which  red 
cells,  harboring  five  or  six  parasites,  may  bear  to  pigment-free  rosettes. 
Most  of  these  rosettes,  as  described,  contained  a  small  number, of  spores 
(6  to  10).  In  the  sketches  of  Marchiafava  and  Celli,  as  noted  by  the 
authors,  the  spores  of  the  pigment-free  rosettes  are  of  uniisually  large 
size.  Their  appearance  is  almost  identical  with  the  cell  harboring  seven 
young  parasites  sketched  in  Plate  XXX,  Fig.  2,  from  the  marrow  smears 
of  a  fatal  case.  If  the  latter  cell  had  been  found  in  a  section  of  tissue 
it  would  have  been  scarcely  possible  to  distinguii^h  it  from  a  rosette 
withont  pigment. 

In  a  drawing  accompanying  the  article  of  Bastianelli  and  Bignami," 
is  a  nearly  normal  red  cell  apparently  infected  with  six  young  parasites, 
in  explanation  of  which  the  authors  snggest  an  irregidar  form  of  seg- 
mentation.    If  the  drawing  is  accurate,  it  appears  to  me  that  the  cell 

^^Biill.  d.  i:  Acm<1.  me,}.  lU  liuimi,  1S94,  xs,  p.  151,  plate  i,  tig.  20. 
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is  too  little  altered  to  have  long  harljored  a  growing  parasite,  and  that 
the  3'oung  parasites  are  too  large  for  spores.  The  drawings  of  the 
cerebral  capillaries,  filled  with  rosettes  without  pigment,  hardly  admit, 
however,  of  this  interpretation.  Nevertheless,  a  failure  of  the  human 
malarial  parasite  to  produce  pigment  is  such  a  violent  departure  from 
its  ordinary  physiology  that  the  fact  should  rest  only  on  the  most  abso- 
lute proof,  and  it  may  not  be  amiss  to  have  suggested  a  possible  source 
of  error  in  this  field. 

In  any  case  the  grounds  are  insufficient  to  warrant  the  classification 
of  Ramamceha  immanilata  as  a  separate  species  of  parasite,  and  seem  at 
best  merely  to  justify  the  opinion  of  other  observers  that  pigment-free 
rosettes,  as  seen  in  fhe  human  subject,  are  an  occasional  form  of  the 
jestivo-autumnal  parasite.  This  opinion  is  well  set  forth  in  the  words  of 
Marchiafava  and  Bignami:'"  "We  cannot  allow  that  a  distinction 
should  be  drawn  between  the  Hcemamoeha  prwcox  (tertian  parasite  of 
Grassi)  and  the  Hwmamaba  immamlaia,  as  two  separate  species.  Seg- 
mentation with  no  pigmentation  has  been  observed  by  Marchiafava  and 
Celli,  but  only  in  very  rare  cases,  and  always  together  with  pigmented 
rosettes.  So  that  in  these  cases  it  would  be  necessary  to  suppose  a 
double  infection,  an  hypothesis  that  is  devoid  of  all  foundation.  We 
shall  feel  unable  to  change  our  opinion  until  we  meet  with  cases  which 
show  no  trace  of  melansemia  and  which,  therefore,  mean  a  pure  infection 
with  the  Hamamceba  imraaculata ." 

IV.    THE    ^'XTCLEAR    BODY    OF    TlIK    MALARIAL    PARASITE. 

From  the  earliest  period  of  the  minute  study  of  the  malarial  para- 
site certain  structures  in  its  body  have  been  recognized  as  probable 
nuclear  elements,  but  the  exact  significance  of  these  structures  and 
their  relation  to  the  definite  unclear  elements  of  metazoan  cells  have 
never  been  fully  determined. 

'  In  1889,  Celli  and  Guarnieri,'"  from  the  examination  of  fresh  malaria! 
blood  stained  by  methylene  blue  in  ascitic  fluid,  described  in  the  larger 
parasites,  an  outer  deeply  staining  ectoplasm  and  an  inner  nearly 
achromatic  endoplasm.  In  the  lightly  colored  endoplasm,  surrounded 
by  a  narrow,  perfectly  achromatic  zone,  was  a  sharply  marked  body  of 
variable  structure,  sometimes  compact,  sometimes  reticulated,  but  evi- 

'■'New  Sydenham  Society's  Translation,  o\>.  cit. 

"'References  to  the  authors  here  cited  will  be  found  in  the  mouoirraphs  of  Thayer 
and  Hewetson,  of  Ziemauu,  and  of  Mannaberg,  already  quoted. 
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deutly  representing  tlie  nucleus  of  the  parasite.  Un  the  inner  border 
of  the  eetophism  of  younger  parasites  they  found  a  deeply  staining  body 
which  they  regarded  as  the  early  form  of  the  nucleus.  Their  plates 
accurately  depict  the  growth  of  the  "  endoplasm  and  nucleus  "  up  to  the 
presegmenting  stage,  into  which  they  were  unable  to  follow  it.  This 
demonstration  of  the  nuclear  body  was,  in  the  minds  of  competent  ob- 
servers, the  beginning  of  the  end  in  the  controversy  regarding  the 
truly  parasitic  nature  of  the  malarial  organism. 

Using  the  same  technical  methods,  Grassi  and  Feletti,  in  1890,  de- 
scribed in  the  larger  parasites  "  a  large  vesicular  nucleus  such  as  is  seen 
in  many  rhizopods."  This  nucleus  was  usually  eccentric,  possessed  a 
very  thin,  often  indistinct  membrane,  and  an  intranuclear  network  filled 
with  a  semi-fluid  substance.  The  intranuclear  network  exhibited  a  nodal 
thickening  resembling  a  nucleolus,  which  was  sometimes  round  or  often 
showed  several  radiating  filaments  stretching  toward  the  nuclear  mem- 
brane. This  nucleus  was  not  found  in  young  parasites.  The  authors 
believed  they  could  discover  evidences  of  direct  division  of  the  nucleus, 
beginning  13  to  16  hours  before  segmentation  of  the  body.  The  nucleus 
of  Grassi  and  Feletti  undoubtedly  corresponds  to  the  endoplasm  of  Celli 
and  Guarnieri. 

In  1891  Romanowsky  published  his  observations  on  the  structure 
of  the  tertian  parasite  as  demonstrated  by  his  special  staining  method. 
He  described  the  nucleus  as  a  colorless  central  area  in  the  parasite,  in 
which  appeared  a  smaller  body  staining  of  a  carmine  violet  color,  the 
"  nucleolus  "  or  chromatin  of  the  nucleus.  In  the  larger  parasites  he 
described  the  development  of  fibrillar  chromatin  bodies  in  the  nucleus, 
indicating  a  process  of  indirect  division.  These  filaments  were  indistinct 
but  gave  the  mass  of  chromatin  a  less  compact  appearance.  The  di- 
aster  stage  is  roughly  indicated  in  one  of  the  sketches.  Romanowsky 
described,  also,  "  quinine  forms  "  in  which  the  clear  zone  of  the  nucleus 
was  wanting,  this  structure  fading  insensibly  into  the  body  of  the  para- 
site, while  the  chromatin  was  subdivided  into  many  fine  granules.  To 
Judge  from  the  drawings,  these  "  quinine  forms "  appear  to  be  identical 
with  Gautier's  presegmenting  forms  (see  p.  440).  Romanowsky  men- 
tions no  stage  of  the  parasite  which  failed  to  show  a  nuclear  body  stain- 
able  by  his  method. 

Sacharoff,  in  1891,  observed  the  "  nucleolus  "  lying  in  a  clear  nucleus 
in  specimens  of  testivo-autumnal  parasites  stained  by  gentian  violet,  and 
noted  the  disappearance  of  the  nucleus  just  before  segmentation.  In 
1893  he  applied  Romanowsky's  method  to  the  minute  study  of  the  nucleus 
and   described  a  fibrillar  structure   which   occasionally  showed  karyo- 
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kinetic  figures.  He  I'uuiiil,  I'urtlier,  that  the  fhigella  of  the  parasite 
stain  like  the  chromatin  of  the  nucleus,  and  coucluded  that  the  ilagella 
are  separate  chromosomes  of  the  karj'okinetie  nucleus,  extruded  from  the 
parasite  nnder  the  influence  of  cold.  In  1895,  he  reported  a  further 
study  of  the  nucleus,  and  described  the  "  extrusion  of  chromosomes  " 
(exflagellation)  from  the  malarial  parasites  of  young  crows.  The  para- 
sites of  these  animals  were  found  specially  adapted  to  the  purpose,  as 
their  nuclei  are  large,  chromatin  filaments  are  distinct,  and  flagellate 
bodies  are  found  in  the  blood  immediately  after  shedding.  In  these 
parasites  he  depicts  intracellular  formation  of  flagella  and  the  extrusion 
of  all  the  chromatin  from  the  body  of  the  parasite  in  the  form  of 
flagella.  The  author  refers  (1895)  to  the  studies  of  Sala  on  the  eggs 
of  Ascaris  megalocephala,  in  which  indications  were  found  of  an  active 
movement  on  the  part  of  the  chromosomes,  and  to  the  conclusion  of 
Strasburger  that  the  changing  position  of  chromosomes  in  some  vege- 
table cells  results  from  an  active  movement  on  the  part  of  these 
structures.  It  may  be  added  that  in  recent  years  an  extrusion  of  all 
chromatin  in  the  form  of  flagella  has  been  observed  in  various  forms  of 
coccidia  by  several  investigators. 

Bastianclli  and  Bignami  described  the  minute  structure  of  the  aestivo- 
autumnal  parasite  in  specimens  stained  by  hfematoxylin.  In  the  young 
parasite  they  describe  as  "  endoplasm  "  the  large  central  achromatic  area 
through  which  shines  the  hfemoglobin  of  the  infected  cell,  while  the 
deeply  staining  peripheral  granule  was  said  to  consist  of  chromatin. 
This  nuclear  body,  or  endoplasm,  possesses  no  membrane  and  exhibits 
no  special  structure.  The  chromatic  granule  increases  in  size  as  the 
parasite  develops  and  the  clear  endoplasm  acquires  a  light  bluish  tinge, 
partly  obscuring  the  hsemoglobin.  Later,  when  the  pigment  has 
gathered  in  a  single  mass,  the  body  of  the  parasite  becomes  homogeneous 
and  the  chromatic  granule  disappears.  These  changes  mark  the  begin- 
ning of  the  reproductive  phase,  and  may  be  followed  very  shortly  by 
segmentation.  During  segmentation  the  chromatin  reappears  scattered 
through  the  body  in  fine  particles,  about  each  of  which  a  ring  of 
chroniatophilic  substance  gathers.  A  small  remnant  of  the  endoplasm 
is  left  unutilized  in  the  segmenting  process.  The  spores  at  first  con- 
tain no  endoplasm,  which  appears  only  in  the  j'oung  parasite.  The 
authors  do  not  find,  either  in  their  own  preparations  or  in  the  drawings 
of  others,  any  definite  structures  recalling  a  true  nucleus.  The  disap- 
pearance of  the  chromatin  before  sporulation  they  find  tu  be  analogous 
to  a  similar  phenomenon  in  the  Gregarinidai  and  Coccidia,  while  in  the 
OscillariiE  one  or  more  disseminated  granules  of  chromatin  represent 
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nuclear  bodies  similar  to  those  seen  in  the  malarial  parasite.  The 
nucleus  of  the  malarial  amceba,  they  believe,  never  assumes  the  vesicular 
or  resting  stage  on  account  of  the  rapid  succession  of  generations.  In 
the  crescents,  with  rare  exceptions,  they  found  no  chromatin,  and  there- 
fore regarded  these  bodies  as  sterile. 

Mannaberg  (1893,  1899)  followed  the  development  of  the  nucleus,  as 
described  by  Celli  and  Guarnieri,  in  specimens  stained  by  hiematoxylin, 
and  by  a  special  procedure  of  his  own.  He  was  unable  to  find  evidence 
of  a  karyokinetic  division  of  the  nucleus. 

Ziemann  studied  the  structure  of  the  tertian,  quartan,  and  ffistivo- 
autumual  parasites  by  means  of  his  modification  of  Romanowsky's  stain. 
He  followed  minutely  the  changes  in  the  nucleus  in  each  variety,  and 
described  many  minor  variations  which  may  be  of  value  in  differential 
diagnosis.  At  a  rather  early  period  of  the  cycle  the  solid  chromatin 
granule  was  usually  found  to  become  less  compact  and  was  sometimes 
divided  into  two  or  three  portions.  "With  the  disappearance  of  amoeboid 
motion  in  the  parasite  the  chromatin  is  usually  divided  into  many  fine 
filaments  or  spindles  from  which  are  derived,  during  the  full-grown  and 
presegTuenting  stages,  an  increasing  number  of  secondary  chromatin 
bodies  of  variable  position  and  contour,  but  eventually  forming  the 
nuclei  of  the  young  spores.  He  found  the  eccentric  position  of  the 
nucleus  in  the  young  tertian  and  its  central  position  in  the  quaitan 
parasite  to  be  very  constant  differential  characters  in  these  organisms. 
In  the  "  full-grown  "'  stage  of  the  parasite  he  found  the  chromatin  more 
ditficult  to  stain.  The  parasites  which  failed  to  exlribit  a  mass  of 
chromatin  he  regarded  as  sterile.  He  first  described  appearances  which 
recalled  the  chromatin  filaments  and  mitotic  figures  of  Romano wsky, 
but  later  concluded  that  no  distinct  traces  of  a  true  karyokinetic  process 
could  be  demonstrated  in  these  fiarasites.  After  a  growth  of  16  to  24 
hours,  the  chromatin  mass  was  found  to  break  up  into  a  number  of 
spindle-shaped  granules,  which  showed  a  very  inconstant  arrangement. 
Meantime  the  limits  of  the  nucleus  became  very  indistinct.  In  many 
parasites  the  nucleus  and  chromatin  disappeared,  the  parasite  increased 
markedly  in  size  and  presented  a  rich  deposit  of  p)igment  grains  in 
active  vibratory  motion.  These  forms  he  regarded  as  sterile,  and  in- 
cluded among  them  the  elliptical  and  large  oval  bodies,  in  most  of 
wJiich  he  was  unable  to  demonstrate  any  traces  of  chromatin.  In  a 
few  crescents  obtained  from  the  bone-marrow,  11  hours  after  death,  he 
was  able  to  demonstrate  a  more  or  less  compact  mass  of  chromatin,  but 
always  of  reduced  bulk. 

Okintschitz  has  descrilied  the  nucleus  of  the  young  forms  and  the  fine 


464  Malarial  Parasitology 

structure  of  the  malarial  parasite  in  specimens  stained  by  eosin,  methylene 
blue,  and  safranine.  In  the  young  ijarasite  the  nucleus  was  found  to  be 
a  compact  mass  which,  in  the  tertian  parasite,  failed  to  stain  with 
methylene  blue,  but  in  the  asstivo-autumnal  variety  stained  densely  with 
this  dye.     The  further  changes  in  the  nucleus  were  not  fully  traced. 

Marchoux  describes  the  nucleus  of  the  asstivo-autumnal  parasite  of 
Senegal  in  specimens  stained  by  eosin  and  methylene  blue  and  by  a  mix- 
ture of  thionin  and  carbolic  acid  (see  p.  431).  In  the  early  ring-shajfed 
organism  the  enclosed  substance  was  regarded  by  the  author  as  the 
nucleus,  the  deeply  staining  eccentric  body  as  the  nucleolus.  Sometimes 
two  nucleoli  were  found  at  opposite  poles  of  the  parasite,  an  appearance 
which  he  was  inclined  to  refer  to  a  process  of  conjugation  in  view  of 
the  fact  that  later  phases  exhibited  a  single  nucleolus.  In  the  full- 
grown  stage  the  nucleolus  assumed  a  position  in  the  centre  of  the 
nucleus,  gradually  dividing  into  a  number  of  smaller  bodies  arranged  in 
the  form  of  a  wreath.  The  later  changes  were  not  followed,  as  the  para- 
sites disappeared  from  the  peripheral  blood. 

Gautier.  in  189.5,  reported  a  study  of  the  malarial  parasite  of  the 
Caucasus  in  specimens  stained  by  Romanowsky's  method.  He  finds  that 
the  nucleus  consists  of  a  vesicular  portion  and  a  violet-staining  mass 
of  chromatin.  The  chromatin  body  is  usually  surrounded  by  a  narrow, 
"  milky  zone,"  which  is  sometimes  continued  about  the  entire  vesicular 
nucleus.  In  the  ring  stage  the  haemoglobin  shines  through  the  vesicular 
portion  of  the  nucleus.  In  many  parasites  at  various  stages  the  "  milky 
zone  "  is  invisible.  With  the  beginning  enlargement  of  the  body  of  the 
parasite  the  chromatin  changes  from  a  small  compact  body  to  a  less 
compact  oval  mass  of  granules.  It  sometimes  early  breaks  up  into  two 
or  three  portions,  or  it  may  consist  of  a  single  mass  of  small  granules. 
In  some  of  Gautier's  drawings  these  granules  are  placed  in  the  centre 
of  the  haamoglobin  mass  which  he  regards  as  shining  through  the 
vesicular  nucleus.  In  bodies  probably  representing  the  early  preseg- 
menting  stage  of  the  parasite  he  describes  the  development  of  a  reticular 
structure  of  the  parasite  and  the  total  disappearance  of  chromatin  par- 
ticles. Later  the  chromatin  grains  reappear  in  the  meshes  of  the 
reticulum.  In  crescents  and  ovoids  he  found  numerous  small  chromatin 
granules.  In  the  crescents  these  granules  appeared  to  be  much  more 
minute  than  in  the  ovoids.  Many  large  parasites  without  chromatin  he 
regarded  as  dead. 

The  nuclear  changes  which  I  have  observed  in  specimens  stained 
by  Nocht's  method  have  been  detailed  under  the  descriptions  of 
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species.  They  were  largely  in  accord  Avitli  the  observations  of  Gautier 
and  of  Ziemann. 

I  tiud  that  the  nucleus  of  the  parasite  belong-s  to  the  "  distributed 
type  "  of  protozoan  nuclei  (p.  43G),  consisting  of  granules  of  chro- 
matin and,  certainly  in  the  older  and  possibly  in  all  stages,  of  an 
achromatic  substance  in  which  the  granules  are  embedded.  While 
tlie  claim  of  Bastianelli  and  Bignami  must  be  admitted,  that  the  para- 
site possesses  "  no  true  nucleus,"  in  the  metazoan  sense,  it  exhibits 
nevertheless  all  the  nuclear  structures  required  in  some  protozoa. 

Xeither  the  nucleus  nor  the  achromatic  substance  appears  to  be 
necessarily  connected  with  the  interior  of  the  ring,  which  is  the  form 
assumed  by  the  young  and  vegetative  parasite.  It  seems  most 
probable  that  this  form  represents  a  true  ring,  or  if  not,  the  ring  is 
bridged  by  a  substance  which  has  no  essential  nuclear  relations. 

I  find  no  forms  in  the  fertile  cycle  of  the  parasite  in  which 
chromatin  cannot  be  demonstrated.  Various  intra-cellular  and  extra- 
cellular forms  devoid  of  chromatin  are  for  that  reason  necessarily 
regarded  as  sterile. 

Although  there  ajipears  to  be  abundant  analogy  in  the  nuclear 
changes  in  the  parasites  of  birds  and  in  some  closely  related  coccidia, 
to  indicate  that  the  human  parasite  may  divide  by  a  modified  form  of 
karyokinesis,  I  could  find  no  sufficient  ground  for  applying  this  term 
to  the  series  of  nuclear  changes  observed  in  the  presegmenting  para- 
sites in  man. 

Labbe,  Danilewsky,  Sacharoft'  and  others,  in  the  blood  parasites  of 
animals,  and  Simond  and  Siedlecki,  in  various  coccidia,  find  that  the 
chromatin  regularly  apjDeai-s  at  some  stages  in  the  form  of  fibrils,  and 
that  these  may  describe  figures  rather  closely  resembling  the  mitoses 
of  metazoan  cells.  Romanowsky  claimed  to  have  seen  distinct  chro- 
matin filaments,  and  sketches  imperfect  mitotic  figures  in  the  tertian 
parasite.  Ziemann  relinquishes  a  similar  claim  in  his  second  article, 
admitting  that  no  distinct  mitotic  figures  are  to  be  demonstrated  in 
the  human  parasite.  Gautier's  sketches  show  nothing  of  these  fila- 
ments. In  my  specimens  from  fresh  malarial  blood  chromatin  was 
never  seen  in  the  form  of  a  filament,  all  elongated  masses  being 
invariably  of  granular  structure.     On  the  other  hand,  when  exflagel- 
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latiou  occurs  with  the  hxiuiau  parasite,  tlie  chromatin  l)ccomes  fila- 
mentous,  figures  resembling  monasters  are  produced,  and  tlie  chro- 
mosomes are  extruded  as  active  flagella.  This  process  is  entirely  in 
accord  with  the  changes  depicted  by  Sacharoff  in  the  parasites  of  birds. 
It  aj)pears,  therefore,  that  in  the  fertile  cjx-le  of  the  malarial  para- 
site division  occui*s  by  a  very  simple  process  which  may  be  likened  to 
amitosis,  the  only  visible  changes  in  the  chromatin  Ijeing  subdivision 
and  fusion.  In  another  cycle  of  development,  adapted  for  the  extra- 
corporeal gi'owth  of  the  parasite,  division  occurs  by  a  modified  form  oi 
karyokinesis,  the  chromosomes  lea^-ing  the  parent  cell  to  fertilize 
other  individuals.  Some  of  the  structures  seen  in  coccidia  by  Simond 
and  Siedlceki  have  been  interpreted  as  showing  the  fertilization  of 
one  parasite  by  the  flagellum  of  another.  MacCallum,''  working 
with  the  blood  of  infected  crows,  repeatedly  saw  free  flagella  enter 
other  parasites  in  which  they  became  lost,  and  he  was  able  to  repeat 
this  observation  in  a  case  of  human  sestivo-autumnal  infection.  Evi- 
dence is  therefore  gradually  being  gathered  to  determine  the  true 
significance  of  flagellation  and  to  locate  in  the  proper  place  the  func- 
tion of  karyokinesis  in  the  malarial  parasite. 

v.   THE  CEESCEXTIC  BODIES. 

While  tile  results  of  recent  studies  of  the  coccidia  (Simond,  Siedlecki, 
Schaudinn)  bear  on  some  obscure  points  in  the  biology  of  the  malarial 
parasite,  the  full  significance  of  the  crescentic  bodies,  even  in  the  coccidia, 
has  not  yet  been  demonstrated,  although  the  position  of  these  bodies  in 
the  developmental  cycle  has  been  determined.  In  various  coccidia  it 
has  been  shown  that  there  are  two  cycles  of  development,  one,  the 
sporulating  cycle,  leading  to  the  development  of  encysted  bodies,  the 
other,  asporulate  and  parthenogenetic,  leading  to  the  development  of 
crescentic  and  flagellate  bodies.  The  individuals  of  the  sporulating 
series  are  capable  of  reproduction  in  the  host,  but  in  the  asporulate  series, 
the  crescents  and  flagellate  forms  are  very  fragile,  disappearing  rapidly 
when  exposed  to  unfavorable  conditions,  and  alone  are  incapable  of  self- 
perpetuation.  There  is  evidence  in  the  coccidia  that  some  of  the  cres- 
centic bodies  represent  the  female  element  and  require  fecundation  by 
the  flagellum  or  male  element,  in  order  to  become  fertile. 

"Journal  of  Exiieriinentul  Medicine,  1S98,  iii,  p.  117. 
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]\IaeCalhnii"s  olji^ervations  on  llaltcriiliuiii.  a  eresccntic  parasite  of 
birds,  indicate  that  these  creseentic  bodies  are  of  two  varieties,  one,  the 
male,  producing  flagella,  the  other,  the  female,  uniting  with  a  free 
fiagcllum  and  developing  into  a  motile  form  called  the  "  vermiculus." 

Further  evidence  on  this  point  has  been  furnished  by  Eoss,  who  found 
that  when  the  blood  of  birds  infected  with  Proteosoma,  a  species  of  para- 
site closely  resembling  the  malarial  amoeba,  reaches  the  stomach  of  the 
mosquito,  many  of  the  organisms  become  flagellated.  A  few  days  later 
he  finds  in  the  stomach-wall  of  the  mosquito  certain  large  encysted  pig- 
mented bodies  containing  many  rod-like  structures  and  some  "  black 
spores,"  which  on  the  rupture  of  the  cyst  gain  the  general  circulation. 
In  the  salivary  glands  of  the  insect  these  "  germinal  rods  "  may  be  found 
in  large  numbers.  Eoss  was  able  to  infect  young  birds  by  subjecting 
them  to  the  bites  of  mosquitoes  fed  on  blood  containing  Proteosoma, 
but  was  unsuccessful  with  Halteridium. 

Grassi,  Bignami,  and  Bastianelli,  have  contirmed  and  extended  Eoss's 
observations.  These  investigators  succeeded  in  conveying  the  aestivo- 
autumnal  infection  from  one  human  being  to  another  by  means  of  a 
particular  variety  of  mosquito.  Anopheles  claviger,  the  "  dapple-winged  " 
mosquito  described  by  Eoss.  Moreover,  they  fed  their  mosquitoes  on 
blood  containing  crescents,  showing  that  these  bodies  are  capable  of 
further  development  in  a  new  host.  In  the  mosqiiito  they  observed,  as 
Eoss  had  done,  exflagellation  of  the  crescents,  development  of  encysted 
bodies  in  the  stomach-wall,  discharge  of  "  germinal  rods,"  and  their 
accumulation  in  the  salivary  glands  of  the  infecting  insect.  Later  they 
succeeded  in  transferring  the  tertian  parasite  in  the  same  way,  the  large 
hyaline  forms  furnishing  the  flagella  in  the  mosquito's  stomach.  They 
found  no  bodies  resembling  the  vermiculus  of  birds,  and  it  has  not  been 
shown  how  the  parasite  pierces  the  wall  of  the  stomach.  It  is  th\is  clear 
that  the  creseentic  body  is  a  form  of  the  parasite  adapted  to  further  de- 
velopment in  a  new  host. 

Of  the  mode  of  origin  of  the  crescents  in  man  there  is  still  nothing 
definitely  known.  In  support  of  Mannaberg's  theory  that  they  are 
conjugation  forms  resulting  from  the  union  of  two  ring  forms,  no  new 
facts  have  been  observed.  Grassi  and  Feletti,  who,  in  1891,  claimed  that 
in  birds  a  certain  number  of  crescents  were  undoubtedly  produced  by 
conjugation  of  younger  forms,  have  apparently  not  insisted  upon  the 
correctness  of  this  view.  On  the  contrary,  the  studies  of  the  develop- 
ment of  coccidia  in  the  rabbit,  salamander,  cuttle-fish,  and  other  animals, 
strongly  oppose  Mannaberg's  theory,  for  in  these  organisms,  which, 
according  to  Metchnikoff,  are  clearly  related  to  the  malarial  parasite,  the 
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cresccntic  form  is  produced  in  an  entirely  different  manner,  by  the 
segmentation  of  a  large  spheroidal  body  into  several  small  but  fully 
formed  crescentic  bodies.  Xo  similar  parent  bodies  have  been  described 
in  the  blood  or  tissues  of  the  human  subject. 

Colli  and  Guarnieri,  in  1S89,  and  Canalis  in  1890,  depicted  the 
young  forms  of  the  crescentic  bodies  as  small,  nari'ow  crescents  with 
considerable  fine  pigment,  lying  within  slightly  altered  red  cells,  and 
traced  the  development  through  a  gradual  increase  in  size,  with  de- 
struction of  the  haemoglobin  of  the  infected  cell,  up  to  the  adult 
crescent.  From  the  adult  crescents,  ovoid,  elliptical,  and  spheroidal 
bodies  may  then  form,  and  these  frequently  become  flagellated. 
These  phases  of  development  have  been  very  generally  accepted,  and 
are  largely  in  accordance  with  analogous  processes  in  various  coccidia. 
There  is,  however,  a  lack  of  agreement  regarding  the  relation  of  the 
ovoid  and  spheroidal  bodies  to  the  crescentic  forms.  "When  exam- 
ined in  the  fresh  condition  crescents  are  frequently  seen  to  assume 
the  spheroidal  form,  and  if  a  little  moisture  is  added  the  spheres  may 
extrude  flagella.  Occasionally,  however,  the  spheres  or  ovoids  may 
be  seen  to  revert  to  the  crescentic  form,  as  described  by  Ziemann  and 
others.  Xow,  crescents  of  almost  any  size  may  be  made  to  assume 
the  spheroidal  form,  from  which  it  appears  that  this  body  is  not  always 
to  be  included  in  the  natural  developmental  series  of  the  crescent.  I 
have  seen  spheroidal  bodies  develop  from  crescents  about  which  there 
was  hardly  a  trace  of  haemoglobin,  while  in  other  cases  the  spheroidal 
body  did  not  occupy  more  than  two-thirds  of  the  red  cell.  The  young 
crescents  which  appear  in  the  blood  on  the  fourth  or  fifth  day  of  the 
paroxysm  have,  in  my  cases,  been  of  small  size,  rather  broad,  and  often 
no  longer  than  the  red  cell.  They  are  often  distinctly  oval  or 
spheroidal  in  the  stained  specimen.  During  the  fifth  to  the  seventh 
days  they  gradually  increase  in  size,  with  progressive  destruction  of 
hsemoglobin,  and  finally  assume  the  elongated  crescentic  form,  with- 
out hemoglobin.  My  conclusion,  therefore,  is  that  the  ovoid  and 
spheroidal  bodies  seen  in  the  ordinary  stained  specimen  are  usually 
younger  forms  than  the  elongated  crescent,  and  that  the  spheroidal 
bodies  whicb  form  in  shed  blood  may  be  derived  from  crescents  of 
almost  any  age.     The  quantity  of  haemoglobin  about  the  spheroidal 
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boch-  would  seem  to  be  a  reliable  indication  of  tlie  age  and  original 
form. 

In  1889  Canalis  described  a  form  of  segmentation  in  crescents.  The 
segmenting  bodies  were  elliptical  in  form  and  discharged  eight  or  ten 
rather  large  spores.  At  the  same  time,  Celli,  and  Marchiafava  and 
Golgi,  were  inclined  to  believe  that  crescents  might  sporulate  in  the 
blood,  bnt  were  not  certain  that  they  had  ever  seen  such  forms.  Antolisei 
and  Angelini,  in  1890,  confirmed  Canalis's  observations,  stating,  how- 
ever, that  the  new  spores  possess  a  double  contour.  Grassi  and  Feletti, 
and  Sacharoff,  believing  that  the  crescents  represent  a  separate  species 
of  organism  (Laverania  malarm),  accept  of  necessity  the  hypothesis  of 
their  spornlation,  but  have  not  positively  identified  segmenting  forms  in 
the  blood.  Lewkowicz  (1897)  reports  that  he  has  seen  two  crescents  in 
the  act  of  spornlation  in  the  blood,  and  in  the  splenic  blood  he  describes 
some  segmenting  crescents  containing  as  many  as  thirty  spores.  The 
transverse  subdivision  of  crescents  has  been  observed  by  Grassi  and 
Feletti,  Mannaberg,  Ziemann,  and  others.  Ziemann,  however,  regards 
this  process  as  unquestionably  not  of  a  reproductive  nature.  The  trans- 
verse segmentation  of  crescentic  bodies  has  been  clearly  demonstrated  in 
eoccidia  (Jackson  Clarke),  but  the  fate  of  the  segments  is  not  shown, 
and  while  there  are  indications  that  the  crescentic  bodies  of  eoccidia  may 
be  multiplied  to  some  extent  in  this  w-ay,  the  same  evidence  clearly  shows 
that  the  process  is  exceptional. 

The  various  phases  of  gemmation  and  budding  described  by  many 
writers  have  never  been  strongly  urged  as  a  natitral  method  of  reproduc- 
tion of  crescents. 

Accordingly,  opposed  to  a  moderate  number  of  inconclusive  and 
often  uncertain  observations  favoring  the  segmentation  of  crescents, 
there  are  entirely  negative  results  from  tlie  vast  majority  of  observers. 

Various  studies  of  related  protozoa  indicate  that  crescentic  bodies, 
after  fertilization,  regularly  proceed  to  further  development  witli  en- 
cystment  and  the  production  of  an  entirely  different  form  of  the 
parasite,  but  sometimes  leading  to  autoinfection  of  the  same  host. 
Although  there  is  no  satisfactory  evidence  that  the  malarial  crescents 
can  develop  further  in  the  human  being,  it  is  by  no  means  certain 
that  their  formation  and  development  are  entirely  innocuous  to  the 
patient. 


470  Malarial  Parasitology 

Not  a  few  observers  have  connected  certain  febrile  paroxysms  with  the 
growth  of  crescents.  Golgi  in  1889  referred  some  forms  of  fever  at  long 
intervals  to  the  development  of  new  broods  of  crescents.  Laveran  still 
(1899)  holds  that  crescents  alone,  without  the  presence  of  other  forms, 
can  be  associated  with  a  febrile  paroxysm.  Canalis,  who  claimed  to 
have  found  sporulating  crescents,  connected  the  segmentation  of  these 
bodies  with  paroxysms  recurring  in  three  or  four  days.  Celli  and  San- 
felice,  and  Grassi  and  Feletti  not  infrequently  observed  paroxysms  in 
birds  associated  with  the  appearance  of  crescents  only  in  the  blood. 
Lewkowicz  believes  that  the  development  of  crescents  may  produce  quo- 
tidian or  tertian  fever,  or  paroxysms  at  long  intervals.  He  believes,  also, 
that  crescents  are  not  so  refractory  to  quinine  as  is  generally  supposed; 
that  they  disappear  under  quinine  after  a  variable  period,  and  that  the 
long-persisting  forms  arc  new  individuals  reproduced  in  the  viscera  from 
day  to  day. 

Most  authorities,  however,  prefer  to  attribute  the  irregular  paroxysms 
to  the  production  of  a  limited  number  of  ordinary  ama?boid  parasites, 
which  sometimes  fail  to  reach  the  general  circulation  in  demdnstrable 
numbers. 

The  jiossibility  that  the  development  of  crescents  is  associated  with 
a  febrile  paroxysm  is  by  no  means  disposed  of  by  the  proof  that  cres- 
cents do  not  sporulate.  There  is  almost  certainly  a  secondary  cycle 
of  development  of  the  parasite  leading  to  the  formation  of  crescents, 
and  this  cycle  may  well  be  several  times  repeated,  each  time  with 
fever.  For  each  crescent  destroys  a  red  cell,  and  the  crescent-;  in  the 
blood  are  sometimes  as  abundant  as  the  brood  of  young  amcebte. 
Although  most  cases  of  fever  at  long  intervals  are  probably  simple 
relapses,  it  is  impossible  to  deprecate  wholly  the  tendency  to  regard 
some  of  these  paroxysms  as  evidence  of  a  second  cycle  of  development 
in  the  parasite  leading  to  the  formation  of  crescents.  In  the  Montank 
series  I  was  frequently  surprised  to  find  only  young  crescents  in  the 
blood  associated  with  mild  seizures  at  irregailar  intervals.  It  was 
especially  noted  in  some  cases  in  which  crescents  persisted  in  the  blood 
after  fever  had  subsided  and  while  quinine  was  still  being  adminis- 
tered, that  shortly  after  a  mild  chill  numerous  young  crescents 
appeared  in  the  blood. 

Some  morphological  feaiiires  of  the  crescentic  bodies  are  still  of 
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active  interest.  The  early  observers,  who  believed  that  crescents  were 
an  cncvsted  form  of  the  parasite,  frequently  depicted  these  bodies 
\\'itli  a  distinct  double  contour,  representing  a  sharply  defined  mem- 
brane. AA'ithoiit  entering  into  the  details  of  opposing  views,  it  may 
be  said  that  this  extreme  claim  of  a  distinct  doiible  membi-ane  has 
been  slowly  abandoned,  and  the  most  that  is  maintained  is  the  exist- 
ence of  a  condensed  outer  border  about  the  crescent.  I  find  that  this 
outer  border  may  be  colored  red  by  strong  staining  with  eosin.  That 
the  reddish  border  thus  developed  is  not  identical  with,  the  membrane 
of  the  red  cell  appears  from  the  fact  that  it  invests  the  concave  side 
of  the  crescent  where  it  may  be  widely  separated  from  the  projecting 
bow  of  the  red  cell.  The  remnant  of  the  red  cell  which  stretches  like 
a  bow  across  the  concavity  of  the  crescent,  while  usually  single,  ap- 
peared double  in  one  of  the  specimens.  The  ends  of  the  bows  then 
overlapped,  each  enclosing  a  little  more  than  one-half  of  the  crescent 
(Plate  XXX,  Fig..  23). 

The  identity  of  the  bow  with  the  membrane  of  the  red  cell  has 
been  accepted  without  question,  and  its  development  in  young  speci- 
mens leaves  little  doubt  of  this  origin,  but  why  it  shoTild  increase  in 
dimensions  with  the  growth  of  the  crescent  and  why  it  is  occasionally 
double  are  at  present  obscure  questions. 

The  application  of  Nocht's  method  to  the  crescontic  bodies  furnished 
valuable  additions  to  the  knowledge  of  these  forms.  Ziemann  found  the 
vast  majority  of  crescents  to  be  entirely  free  from  chromatin.  Gautier, 
however,  working  with  Eomanowsky's  procedure,  was  apparently  the 
first  to  demonstrate  the  iDresenee  of  chromatin  in  any  large  proportion 
of  crescents  in  human  blood.  In  the  young  ovoid  or  elliptical  forms 
he  found  a  well-marked  group  of  rather  large  granules  of  chromatin. 
In  the  full-grown  crescent  a  single  group  of  very  fine  granules  lying  in  tlie 
centre  of  the  body  and  often  partly  obscured  by  the  pigment  mass,  could, 
in  the  majority  of  specimens,  be  fully  identified. 

"With  Nocht's  method  I  have  been  able  to  demonstrate  chromatin 
granules  in  the  vast  majority  of  crescents  in  all  stages  (Plate  XXX, 
Figs.  17-2.3).  In  the  younger  forms  the  granules  were  usually  larger 
and  more  distinct  than  in  the  older  forms.  In  the  adult  crescents  the 
chromatin  was  usually  found  in  a  single  rather  compact  mass   of 
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minute  grainiles,  which  was  usually  much  obscured  by  overlying  pig- 
ment. Occasionally  the  chromatin  mass  lay  to  one  side  of  the  wreath 
of  pigment,  in  which  case  it  was  very  easily  identified.  In  a  few 
specimens  in  which  the  pigment  was  diffusely  scattered  over  the 
crescent,  the  chromatin  was  very  clearly  visible  (Plate  XXX,  Tig.  22). 

Two  groups  of  chromatin  granules  were  seen  in  a  moderate  niim- 
ber  of  crescents,  in  some  of  which  the  pigment  was  arranged  in  the 
form  of  the  figure  8.  In  these  specimens  both  groups  of  chromatin 
granules  were  inclosed  in  a  single  mass  of  clear  achromatic  substance 
(Plate  XXX,  Pigs.  21  and  23). 

In  a  few  specimens  it  was  impossible  to  detect  any  traces  of  chro- 
matin, indicating  that  these  particular  forms  were  sterile.  Such 
forms,  however,  were  not  more  numerous  than  were  chromatin-free 
parasites  in  ordinary  cases  of  tertian  or  sestivo-autumnal  infection, 
while  they  were  difficult  to  find  in  specimens  in  which  the  staining  had 
been  especially  successful. 

Xocht's  stain  very  clearly  demonstrates  an  elliptical  relatively 
achromatic  area  in  the  centre  of  the  crescent  in  which  the  pigment 
and  chromatin  are  usually  included.  The  line  of  demarcation  be- 
tween the  bluish  staining  poles  and  the  achromatic  area  was  often  very 
sharp  after  the  application  of  this  method.  Occasionally  the  achro- 
matic area  was  found  well  out  in  one  pole  (Plate  XXX,  Fig.  20). 

The  application  of  Xocht's  method  to  other  forms  of  the  parasite 
greatly  increases  the  number  of  forms  in  which  evidences  of  approach- 
ing segmentation  may  be  found.  In  my  specimens  of  crescents  no 
variation  in  the  chromatin  granules  or  mass  was  detected  pointing 
to  a  reproductive  process.  The  older  and  larger  the  crescent  the 
smaller  and  less  distinct  these  granules  became.  In  some  spheroidal 
bodies  of  a  fatal  case,  however,  the  body  of  the  parasite  was  dis- 
tinctly reticulated,  although  the  chromatin  grains  remained  in  a  single 
mass. 

VI.    EXTKA-CELLULAE  PAEASFFES. 

That  the  young  parasite  during  its  passage  from  the  parent  rosette 
to  the  new  red  cell  is  sometimes  caught  in  the  plasma  in  both  fresh 
and  dry  specimens  is  evident  from  the  reports  of  various  observers. 

The  possibility  of  identifying  such  young  free  forms  in  tlie  fresh 


James  Ewing  473 

condition  may,  however,  be  doubted.  Ziemauu,  commenting  on  this 
point,  sajs  that  "  only  in  the  beginning  of  his  studies  of  malaria  did 
he  A'enture  to  identify  young  amceboid  organisms  in  the  plasma  of 
fresh  blood."  Celli  and  Guarnieri  (1SS9)  have  sketched  the  appear- 
ance of  young  extra-cellular  bodies,  including  forms  of  at  least  two 
species  of  parasites,  in  fresh  blood  stained  by  methylene  blue  after 
their  special  procedure,  but  many  of  these,  especially  the  pigineuted 
ones,  were  undoubtedly  separated  from  the  cell  during  the  manipula- 
tion. In  preparations  of  fresh  blood,  parasites  so  frequently  pass  from 
the  cell  into  the  plasma  that  it  may  be  doubted  if  any  accurate  esti- 
mate of  the  number  of  extra-cellular  forms  iu  the  circulating  blood 
can  be  obtained  by  this  method  of  examination.  In  some  cases  in 
which  I  have  seen  suspicious  extra-cellular  bodies  in  fresh  specimens, 
Nocht's  stain  failed  to  show  any  extra-cellular  parasites  whatever. 
If  reliance  be  placed  upon  dry  specimens  stained  by  this  method,  and 
the  demonstration  of  a  distinct  nucleus  be  required,  extra-cellular 
parasites  must  be  looked  upon  as  a  comparative  rarity,  but  may  un- 
doubtedly be  seen  in  exceptional  cases.  Gautier  and  Ziemann  depict 
siich  forms,  while  mentioning  their  rarity.  Eomanowsky  could  find 
young  extra-cellular  tertian  parasites  only  in  patients  taking  quinine. 
The  same  rule  appears  to  hold  with  the  later  stages  of  the  parasite, 
extra-cellular  parasites  being  found  with  extreme  rarity.  In  fresh 
specimens  a  considerable  number  of  large  forms  appear  to  be  extra- 
cellular, but  these,  in  stained  sjDecimens,  usually  show  some  enclosing 
remnant  of  a  red  cell. 

Various  sterile  forms  of  parasites  described  at  length  by  Golgi,  Zie- 
mann, Bignami  and  Bastianelli,  and  others,  while  usually  endoglo- 
bular,  are  sometimes  seen  in  the  plasma,  and  in  dry  specimens  may  be 
found  to  be  distinctly  extra-cellular.  The  characters  of  these  sterile 
forms  are,  according  to  Ziemann:  (1)  increase  in  size,  (2)  loss  of 
amoeboid  motion,  (3)  greater  abundance  of  pigment  and  increased 
vibratory  movement  of  pigment  granules,  (4)  markedly  hyaline  ap- 
pearance in  stained  specimens,  (5)  complete  or  nearly  complete 
absence  of  chromatin.  Ziemann,  however,  includes  among  the  sterile 
forms  crescents  and  spheres  derived  from  crescents,  which  do  not 
properly  belong  in  this  class,  as  they  contain  chromatin  aud  under 
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siiitalile  contlitioii?  are  eapaljle  of  furtlier  dcvclopnieut.  Otlicr  sterile 
forms  described  bj  Ziemanu  were  found  most  abundantly  in  the 
splenic  pulp  after  death.  These  M-ere  spheroidal  bodies,  of  large  size, 
hyaline  aspect,  vibratory  pigment,  and  deficient  supply  of  chromatin. 

Similar  large  forms  have  often  been  described  as  derived  from  full- 
groAvn  quartan  and  tertian  parasites,  and  their  extrusion  from  the  red 
cell  has  been  followed  in  specimens  of  fresh  blood.  The  extra-cellular 
position  of  most  of  these  forms  appears  therefore  to  be  artificial. 
Working  principally  with  drj'  specimens,  I  have  always  had  great 
dirticulty  in  finding  any  of  these  large  extra-cellular  forms,  and  be- 
lieve that  they  are  extremely  rare  in  the  circulating  blood.  In  speci- 
mens of  fresh  blood,  however,  which  have  been  allowed  to  stand  for 
1  to  24  houi-s  such  forms  become  rntlier  nunierou?. 

Vantolation  has  also  been  frequently  described  in  these  large  sterile 
parasites.  In  the  earlier  observations  of  parasites  in  the  fresh  condi- 
tion the  nuclei  were  sometimes  mistaken  for  vacuoles,  an  error  against 
which  Golgi  wai-ns.  In  stained  specimens  I  have  very  rarely  been 
able  to  identify  vaciiolated  parasites  and  believe  that  tlieir  identifica- 
tion in  fresh  blood  is  usually  very  hazardous. 

The  relation  of  the  parasite  to  the  red  cell  still  remains  a  matter  of 
dispute.  Laveran  holds  that  the  majority  of  parasites  are  merely 
att^iched  to  the  surface  of  the  cell,  though  some  are  found  within  its 
substance.     The  crescentic  bodies  he  regards  as  strictly  intra-cellular. 

The  frequent  appearance  of  the  projection  of  the  sestivo-autumnal 
ring  beyond  the  circumference  of  the  red  cell  has  led  many  to  believe 
that  this  parasite,  at  least  in  its  early  stages,  is  merely  attached  to  the 
cell.  Marchiafava  and  Bignami,  however,  point  out  that  the  ajstivo- 
autumnal  ring  in  the  fresh  condition  never  sends  pseudopodia  beyond 
the  edge  of  the  cell,  and  may  be  seen  dipping  down  or  swimming  at 
different  levels  in  the  cell. 

Gauticr  very  accurately  depicts  the  appearance  of  the  ring  project- 
ing beyond  the  cell,  and  there  seems  to  be  no  good  reason  to  doubt 
that  such  parasites  are  merely  attached  to  the  cell.  It  by  no  means 
follows,  however,  that  later  stages  of  the  sestivo-autumnal  ring  are  not 
found  within  the  cell,  as  described  by  Mai'chiafava  and  Bignami.  It 
is  generally  accepted  that  the  tertian  parasite  lies  within  the  red  cell. 
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vet  in  lunny  tertian  cases  tlie  liody  and  especially  the  unclens  of  the 
parasite  appear  to  project  beyond  the  border  of  the  cell,  even  more 
distinctly  than  in  the  case  of  the  a'stivo-autumnal  ring.  Such  attached 
forms  seem  to  be  more  frequent  in  the  actively  amoeboid  stage,  and  in 
cases  taking  quinine.  In  fresh  specimens  Avhicli  have  been  allowed 
to  stand  and  are  afterwards  dried  and  stained,  the  parasite  may  be 
found  in  various  stages  of  extrusion,  and  similar  appearances  of  p)ro- 
jeetion  of  body  and  especially  of  nucletis  beyond  the  cell  are  numerous. 
Mannaberg  probably  correctly  expresses  the  facts  in  this  matter  as 
follows :  "  The  young  parasites  swim  in  the  plasma  for  a  very  short 
time  and  soon  become  attached  to  red  cells.  They  remain  attached 
to  the  cell  for  a  time  but  soon  penetrate  within,  where  their  further 
development  is  completed." 

It  is  probable  that  the  Eestivo-autumnal  parasite  remains  attached 
to  the  cell  longer  than  the  tertian,  possibly  because  it  is  less  actively 
amoeboid. . 

VII.   ox  A  FOEAI  OF  C0:!^JUGATI0N  OF   THE  TEETIAN  MALAISIAL  PAKASITE. 

In  four  cases  of  tertian  infection  I  have  encountered  appearances 
in  the  blood  which  seem  to  admit  of  no  other  explanation  than  that  of 
conjugation  of  malarial  parasites.  In  a  considerable  number  of  other 
cases  similar  appearances  were  fotmd,  but  much  less  frequently. 

The  blood  in  these  cases  showed  a  moderate  number  of  young  rings 
and  a  large  number  of  half-grown  and  full-gi*own  forms.  A  g'reat 
many  red  cells  showed  double  infection  with  young  rings.  In  many 
instances  these  rings  were  entirely  separate,  each  exhibiting  a  single 
large  granule  of  chromatin.  ]\Iany  cells,  however,  contained  two 
rings,  which  were  clearly  fused  together  along  one  segment  of  the 
ring,  and  two  large  chromatin  granules  were  then  invariably  found 
at  diilerent  points  in  the  rings  (Plate  XXXII,  Figs.  2-5).  The  fused 
parasites  usually  differed  in  appearance.  One  was  a  large  delicate 
ring  with  a  thin  bow,  and  chromatin  gi-anule  of  moderate  size,  while 
the  other  was  a  coarser  body  with  thickened  bow,  enclosing  little  or 
no  hfemoglobin,  and  exhibiting  a  large  chromatin  granule  (Plate 
XXXII,  Figs.  3-5).  These  differences  between  the  two  conjugating 
parasites  could  not  always  be  found.     Among  the  single  rings,  the 
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two  forms  of  j-oung  parasites  were  often  distingiiislicc],  but  no  single 
i-ings  could  be  found  containing  two  equally  large  chromatin  granules, 
while  every  red  cell  that  exhibited  two  lai'ge  and  equal  chromatin 
granules  contained  also  two  distinct  rings.  It  appeared  therefore  that 
the  bodies  of  many  parasites  had  become  fused  together,  while  their 
nuclei  remained  separate.  Occasionally  the  two  chromatin  granules 
were  found  close  together,  but  no  distinct  signs  of  a  fusion  of  chro- 
matin were  found  at  this  stage. 

On  examining  the  parasites  in  later  stages  of  development,  most  of 
them  were  found  to  have  lost  the  ring  form,  and  to  have  spread  out 
into  a  large  number  of  threads,  with  nodal  thickenings,  variously 
curled  in  the  red  cell.  These  threads  evidently  represe'nted  the 
pscudopodia  of  a  very  active  amoeboid  stage.  The  chromatin  masses 
were  now  subdivided  into  10  to  12  granules,  but  in  the  majority  of  the 
cases  these  masses  were  far  apart  and  showed  no  tendency  to  unite. 
In  many  cells,  however,  the  amoeboid  figures  were  less  marked,  and 
the  masses  of  chromatin  lay  side  hy  side  united  hy  a  little  achromatic 
substance.  Later  some  parasites  were  found  in  which  the  two  groups 
of  rather  large  chromatin  granules  lay  in  immediate  apposition,  sur- 
rounded hy  achromatic  substance.  This  phase  was  marked  by  a  dis- 
tinct reduction  in  the  length  of  amcEboid  figures  (Plate  XXXII,  Figs. 
6-11). 

Many  older,  spheroidal,  hyaline  forms,  belonging  to  this  same 
brood,  were  found  in  these  cases.  All  the  older  hyaline  forms  were 
single  and  exhibited  a  single  large  group  of  fine  chromatin  granules. 
!Xot  one  cell  harboring  two  full-grown  parasites  could  be  found  in 
prolonged  and  repeated  search  through  several  slides. 

The  question  therefore  arises,  what  became  of  the  very  large  num- 
ber of  twin  parasites  seen  in  all  the  younger  stages?  In  one  of  the 
Montauk  cases  the  two  broods  were  of  different  ages,  one  approaching 
segmentation  and  all  single,  the  other  less  than  half -grown  and  almost 
invariably  tvnnned.  Can  twinning  occur  in  part  of  a  brood  and  not 
in  its  oldest  members,  or  in  one  brood  extensively  and  not  at  all  in  its 
jH-cdecessor?  While  such  physiological  variations  are  possible,  they 
appear  extremely  improbable,  and  one  is  forced  to  the  conclusion, 
merely  from  the  absence  of  older  twinned  parasites,  that  conjugation 
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occurred.  "Whatever  interpretation  may  be  placed  upon  this  peculiar 
absence  of  older  twinned  forms,  the  finding  of  all  stages  of  union, 
first  of  the  bodies,  later  of  the  nuclei,  as  illustrated  in  Plate  XXXII, 
appears  to  admit  of  no  other  explanation  than  that  of  conjugation. 

The  further  examination  of  these  and  other  specimens  developed 
some  other  peculiarities  of  interest.  Single  parasites  of  each  of  the 
above  types  could  apparently  be  traced  through  later  stages  of  devel- 
opment. The  small,  coarse,  densely  staining  body  remained  compara- 
tively compact  throughout  its  development.  It  was  rarely  found  in 
distinct  ring  form,  enclosing  haemoglobin,  but  often  exhibited  coarse 
araa?boid  processes.  It  was  usually  of  smaller  size  than  the  average 
tertian  parasite,  but  the  infected  red  cells  were  swollen  and  pale.  In 
the  full-grown  stage  this  body  was  compact  and  densely  staining, 
with  rather  distinct  chromatin  granules,  but  I  could  not  trace  it  up 
to  a  sporulating  body  (Plate  XXXII,  Fig.  13).  In  many  respects 
these  large  forms  resemble  the  quartan  parasite,  but  the  infected 
red  cell  is  swollen,  the  pigmentation  is  not  marked  and  the  majority 
of  them,  in  younger  stages,  have  been  found  to  conjugate  with  the 
ordinary  tertian  rings. 

The  other  type  of  parasite  of  the  conjugating  pair  also  frequently 
developed  singly,  but  I  am  not  certain  that  it  reached  sporulation. 
The  young  forms  showed  the  delicate  ring  shape  with  thin  bow 
(Plate  XXXII,  Figs.  3-5).  The  larger  rings  enclosed  much  hsemo- 
globin  and  often  exhibited  amoeboid  figures.  The  infected  cells  were 
distinctly  swollen  and  pale.  The  full-grown  form  stained  very 
slightly  and  appeared  hyaline,  while  its  chromatin  was  slight  in 
quantity  and  minutely  subdivided.  Xo  preseg-menting  bodies  could 
be, found  in  these  cases  Avhich  appeared  to  show  the  characters  of  this 
pale  full-grown  parasite.  All  presegmenting  bodies  and  rosettes  were 
either  densely  staining  (before  distinct  reticulation),  or  of  large  size 
and  with  abundance  of  chromatin,  the  former  developing  from  the 
compact  forms  described,  the  latter  apparently  from  the  conjugating 
parasites  but  possibly  also  from  the  single  rings.  Possibly  the  pale 
hyaline  full-grown  forms  with  finely  subdivided  chromatin  were  des- 
tined to  become  flagellate  forms  (compare  MacCallum's  two  varieties 
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of  crescents).  Some  of  the  above  features  are  illustrated  in  the 
accompanying  drawings  (Plate  XXXII). 

Some  considerations  which  do  not  favor  the  belief  in  a  process  of 
conjugation  require  mention: 

1.  The  suggestion  naturally  arises  that  the  presence  of  two  masses 
of  chromatin  does  not  necessarily  mean  the  presence  of  two  parasites 
in  one  red  cell. 

From  a  long  series  of  observations  on  the  character  of  the  chromatin 
in  young  tertian  parasites  I  must  admit  that  this  objection  is  partly 
valid.  The  young  tertian  parasite,  in  some  cases,  may  be  found 
to  contain  two  masses  of  chromatin.  In  the  young  compact  body 
(mentioned  above)  (Plate  XXXII,  Figs.  1  and  -')  these  granules 
when  present  are  large  and  of  nearly  equal  size,  but  in  the  delicate 
tertian  ring  I  have  never  seen  two  distinct  and  equal  chromatin 
gramiles.  In  somewhat  rare  instances  the  ring  shows  an  accessory 
granule  of  small  size  in  the  neighborhood  of  the  main  granule,  but 
never,  in  my  observation,  have  two  large  granules  occurred  in  a 
single  thin  ring-shaf)ed  tertian  parasite.  The  significance  of  these 
double  granules  is  not  clear.  The  appearance  of  two,  very  small, 
compact,  spore-like  bodies  partly  fused  together,  as  may  occasionally 
be  seen,  indicates  that  such  forms  may  sometimes  result  from  the 
early  union  of  the  bodies  of  two  very  young  parasites.  The  acces- 
sory granules  in  thin  ring  forms  have  always  appeared  too  small  to 
have  been  derived  in  the  same  way.  It  seems  probable  that  such 
accessory  granules  may  result  from  the  incomplete  fusion  of  the 
original  granules  which  go  to  form  the  chromatin  of  the  spore,  or,  in 
other  instances,  from  a  precocious  subdivision  of  chromatin  in  the 
young  parasite,  as  suggested  by  Ziemann. 

The  presence  of  two  nuclei  in  some  very  young  compact  parasites 
before  they  enter  upon  the  process  of  conjugation  with  the  large  rings 
explains  the  occasional  appearance  of  three  nuclei  about  to  unite,  as 
seen  in  some  conjugating  forms  toward  the  completion  of  the  process 
(Plate  XXXII,  Figs.  9  and  10).  In  one  case,  the  small  single  compact 
forms  w'ith  two  nuclei,  and  large  conjugating  forms  with  three 
nuclei  were  present  in  considerable  and  about  equal  numbers.  That 
the  presence  of  three,  large,  entirely  sejjarate,  subdivided  nuclei  in 
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one  conjugating  form  means  the  union  of  three  original  parasites,  I 
do  not  believe;  bnt  the  morphological  appearances  above  described 
indicate  that  it  invariably  means  the  nnion  of  at  least  two  parasites. 

It  appears,  therefore,  that  the  presence  of  two  large  and  equal 
masses  of  chromatin  in  one  infected  cell  indicates,  with  few  excep- 
tions, the  presence  of  two  jiarasites.  Karely  three  nuclei  are  seen  in 
conjugating  forms,  two  of  which  may  be  derived  from  two  very 
young  compact  forms  uniting  very  early,  and  the  third  from  subse- 
quent conjugation  with  a  thin  ring-shaped  form. 

Tlie  further  development  of  yoimg  parasites  with  small  accessory 
chromatin  granules  may  be  followed  in  rare  instances.  The  acces- 
sory granule  divides  as  does  the  main  mass  of  chromatin  and  later 
unites  with  the  other  to  form  one  clump  of  gi-antiles  in  the  full-grown 
stage.  Throughout  these  stages  the  total  bulk  of  these  two  masses 
appears  not  to  exceed  the  average  for  single  parasites,  whereas  in  the 
conjugating  forms  the  excessive  quantity  of  chromatin  in  all  stages  is 
a  very  striking  feature.  In  all  the  examples  of  such  single  parasites 
that  I  have  seen,  the  unequal  size  of  the  chromatin  masses  was  dis- 
tinct, and  there  were  no  ajDpearances  suggesting  the  presence  of  two 
parasites  in  the  same  cell.  These  forms,  therefore,  differ  entirely 
from  the  conjugating  forms  above  desci-ibed.  I  have  never  seen 
more  than  two  masses  of  siibdivided  granules  in  a  single  parasite, 
whereas  three  large  and  equal  masses  may  be  observed  in  conjugating 
parasites. 

A  third  minute  granule  may  rarely  be  seen,  however,  in 
young  rings.  Ziemann "  describes  the  appearance  of  multiple 
chromatin  masses  in  young  tertian  jjarasites.  He  was  at  first  un- 
certain whether  this  appearance  was  referable  to  the  presence  of  two 
fused  parasites  or  to  an  early  division  of  one  nucleus,  but  finally 
accepted  the  latter  exjalanation.  He  describes  the  separation  of  one, 
or  rarely  two,  accessory  granules  from  the  original  mass  in  cells  in- 
fected by  single  parasites.  Sometimes  the  accessory  granule  was 
much  smaller  than,  sometimes  nearly  as  large  as,  the  main  granule. 
All  of  these  appearances  I  have  seen  in  single  parasites,  less  often  in 

'S  Ziemann,  Centrum./.  Bnkter.,  1897,  xxi,  p.  643. 
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single  members  of  conjugating  pairs,  and  I  agree  with  Ziemann  as  to 
tlieir  significance,  but  the  conjugating  forms  above  described  are  quite 
different,  and  do  not  appear  in  Ziemann's  descriptions. 

2.  It  may  be  objected,  further,  that  it  is  impossible  to  determine 
when  the  bodies  of  two  parasites  are  really  united,  as  one  may  over- 
lap the  other  and  produce  a  false  appearance  of  union. 

This  difficulty  is  undoubtedly  present  with  some  of  the  young 
forms,  but  with  othei-s  the  appearances  of  the  parasites  toward  the 
corhpletion  of  the  process,  when  amoeboid  motion  is  subsiding,  are,  on 
the  contrary,  absolutely  convincing  that  the  bodies  are  actually  fused. 
The  significance  of  two  large  masses  of  chromatin  surrounded  by  one 
achromatic  zone  is  also  unmistakable  (Plate  XX5II,  Tigs.  9  to  11). 

3.  Again,  it  may  well  be  pointed  out  that  examples  of  twin  para- 
sites of  advanced  development,  presegmenting  bodies  and  rosettes, 
are  .sometimes  seen  in  severe  tertian  infections,  furnishing  examples 
of  twinning  when  conjugation  does  not  occur. 

This  fact  is  a  matter  of  common  observation,  and  in  my  series  there 
are  a  few  cases  in  which  it  was  especially  noted.  In  one  red  cell  a 
typical  rosette  with  many  spores  and  a  compressed  hyaline  body  with- 
out apparent  nucleus  were  observed.  In  another  distended  cell  were 
seen  one  perfect  rosette,  one  imperfect  presegmenting  body,  and  one 
compressed  hyaline  form. 

It  may  be  said  of  these  twins,  which  proceed  to  segmentation  with- 
out conjugating,  that  they  are  vastly  less  numerous  than  the  con- 
jugating forms  or  young  twins  seen  in  the  same  or  other  cases.  I 
have,  for  instance,  seen  hundreds  of  conjugating  forms  within  the 
past  few  months,  but  I  remember  only  three  or  four  twinned  rosettes 
seen  in  as  many  years. 

In  the  cases  showing  twinned  adult  parasites  a  few  younger  couples 
were  seen,  which  showed  no  attempt  to  conjugate.  The  great  ma- 
jority of  these  young  parasites  and  all  the  young  twins  in  these  cases 
were  the  typical  tertian  ring-shaped  i^arasites,  while  the  small  com- 
pact forms  were  exceedingly  hard  to  find.  My  observations  on  this 
latter  point,  however,  are  not  so  numerous  as  is  desirable  and  are  still 
in  progress. 
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4.  Finally,  the  eoraparative  absence  of  older  twinned  parasites  may 
be  referred  to  the  death  and  extrusion  of  one  of  the  twins  while  the 
other  proceeds  to  full  development  alone. 

In  some  gregarines  in  which  multiple  infection  of  cells  and  con- 
jugation of  parasites  is  common  (Klossia),  one  of  the  parasites  often 
succeeds  in  dwarfing  its  companions  and  alone  reaches  full  develop- 
ment. The  dwarfed  or  dead  parasites  are  then  found  in  the  cell 
alongside  the  growing  form  ('\i^''olters,  Clarke).  In  some  instances 
of  multiple  infection  by  full-grown  or  segmenting  malarial  parasites, 
I  have  sometimes  seen  evidences  of  compression  and  death  of  the 
younger  of  two  or  three  organisms.  More  often  both  parasites  ap- 
peared to  be  equally  favored.  In  any  case,  the  remains  of  the 
dwarfed  parasite  ought  frequently  to  he  found  if  one  member  of  the 
pair  commonly  inhibits  the  growth  of  the  other.  In  the  four  cases 
referred  to  above,  no  traces  of  dwarfed  parasites  could  be  found,  and 
while  young  twins  were  extremely  numerous,  all  the  older  parasites 
were  single.  It  therefore  appears  impossible  to  explain  the  entire 
absence  of  older  twinned  parasites,  and  especially  of  traces  of  any 
abortive  individuals  in  these  cases,  on  any  other  ground  than  that  of 
conjugation. 

I  find,  therefore,  that  the  usual  fate  of  twinning  of  tertian  parasites 
is  conjugation;  that  twins  sometimes  grow  to  maturity  withoiit  con- 
jugation, for  reasons  which  are  not  clear,  but  apparently  when  both 
parasites  show  the  usual  ring  form;  that  the  union  sometimes  in- 
volves three  parasites  but  probably  always  requires  the  presence  of 
one  or  more  compact  densely  staining  forms,  which  do  not  commonly 
assume  the  ring  shape,  and  of  one  of  the  typical  tertian  rings. 

A  further  inquiry  relates  to  the  uniformity  with  which  conjugation 
occurs,  and  its  position  as  an  essential  or  as  an  accidental  phenomenon 
in  the  progress  of  malarial  infection. 

It  would  seem  that  a  process  so  fundamental  as  the  conjugation  oi 
individuals,  if  it  occurs  at  all,  ought  to  be  an  invariable  feature  of 
every  active  infection,  but  there  is  not  sufficient  evidence  on  which 
to  base  any  such  claim.  The  four  cases  referred  to  as  furnishing 
numerous  clear  examples  of  conjugation  were  selected  on  account  of 
the  abundance  of  the  conjugating  forms,  but  in  many  other  cases  less 
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numerous  though  equally  distinct  examples  were  seen,  indicating  that 
the  process  is  of  very  frequent  occurrence.  On  the  other  hand  it 
must  be  admitted  that  the  majoi'ity  of  specimens  from  routine  cases 
fail  to  show  any  distinct  traces  of  the  process;  from  which  it  may  be 
concluded  that  conjugation  is  probably  not  an  essential  feature  of 
the  growth  of  the  parasite. 

In  the  four  marked  cases  the  infection  was  unusually  i"ich,  one  of 
them  showing  more  numerous  parasites  than  I  had  ever  seen  before 
in  benign  tertian  infections.  One  patient  had  just  arrived  at  Mon- 
tauk  from  Cuba,  in  September,  two  others  were  suffering  from  a  first 
attack,  in  July,  in  ITew  York  City.  In  one  case  there  was  a  prompt 
relapse  a  few  days  after  quinine  M-as  omitted.  It  is  possible  that 
important  clinical  features  may  be  found  to  be  associated  with  the 
presence  of  conjugating  forms,  but  the  observations  are  too  limited 
to  furnish  any  conclusion  on  this  point. 

In  sestivo-autumnal  infections,  in  which  twinning  is  very  common, 
I  have  been  unable  to  trace  the  parasites  through  the  conjugating 
period  on  accoimt  of  their  disappearance  from  the  pei-ipheral  blood. 
Of  five  cases  showing  rosettes  and  presegmenting  bodies  in  the  blood, 
in  one  were  found  several  twins  of  these  older  forms  in  the  same 
red  cell,  while  in  four  others  no  twin  parasites  were  found  beyond 
the  ring  stage,  in  which  evidences  of  conjugation,  as  described  by 
Mannaberg,  were  occasionally  seen.  The  presence  of  double  nuclei 
in  peculiar  sestivo-autumnal  rings  has  been  noted.  Marchoux  sug- 
gests that  such  forms  result  from  conjugation,  an  explanation  Avhich 
appeai-s  reasonable  but  which  is  at  present  without  proof.  Another 
more  probable  explanation  has  already  been  mentioned  (p.  4:52). 

I  have  been  unable  to  secure  any  recent  specimens  of  quartan 
parasites. 

Double  rings  with  fused  nuclei  are  apparently  a  common  form  of 
the  young  parasite  of  Texas  cattle  fever  (Theobald  Smith). 

VIII.    ox  THE  PLURALITY  OF   SPECIES   OF  JIALAEIAL  PAR.^ITES. 

The  belief  in  a  plurality  of  species  of  human  malarial  parasites  has 
been  accepted  probably  by  a  majority  of  clinical  observers  residing 
in  temperate  climates,  but  seems  never  to  have  gained  uniform  sup- 
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port  from  those  who  have  studied  hirgely  in  tropical  climates,  nor 
from  comparative  biologists. 

The  doctrine  of  plurality  of  species  is  maintained  by  Mannaberg, 
Koch,  and  the  great  majority  of  German  writers,  by  Welch,  Osier,  Coun- 
cilman, Thayer,  Dock,  and  practically  all  American  writers,  and  by 
Golgi,  Grassi,  Bastianelli,  and  Bignami,  representing  the  Italian  school. 
A  middle  ground  is  held  by  Knise,  Canalis,  Marchiafava,  Celli,  and  San- 
felice.  Babes  and  Georghiu,  Danilewsky,  and  Ziemann  (in  his  early 
publications),  who  are  inclined  to  accept  the  unicist  theorj',  or  claim  at 
least  that  the  facts  do  not  warrant  the  belief  in  the  existence  of  distinct 
species;  while  Laveran,  Metchnikoff,  ilarchoux,  Vincent,  and  some  others 
actively  uphold  the  existence  of  a  single  polymorphous  species. 

Among  the  pluralists  no  uniform  basis  of  classification  has  been 
established.  Those  who  rely  strictly  upon  the  morphology  of  the  human 
malarial  parasites  rather  uniformly  agree  upon  tlie  existence  of  three 
species — quartan,  tertian,  and  asstivo-autumnal.  Grassi  and  Feletti.  in- 
fluenced by  the  morphology  of  similar  parasites  in  lower  animals,  add  a 
fourth  distinct  species,  Laverania  malaria  (yielding  the  crescentic 
bodies),  as  well  as  Hmmamoiba  immaculata.  Golgi  regards  the  distri- 
bution of  the  parasite  in  the  body  of  quite  as  much  importance  as  a 
ground  of  classification  as  its  morijhology,  and  therefore  makes  two 
groups,  one,  including  the  quartan  and  tertian  parasites,  which  are  found 
principally  in  the  peripheral  blood,  and  a  second,  the  sestivo-autumnal, 
which  is  foimd  principally  in  the  internal  organs.  Mannaberg  regards 
the  presence  or  absence  of  syzygia,  i.  e.,  crescentic  bodies,  as  the  chief 
ground  for  the  separation  into  species,  and  recognizes  as  species  which 
do  not  produce  crescents,  (1)  the  tertian  and  (3)  the  quartan  parasites, 
and  as  those  which  by  conjugation  form  crescents,  (1)  the  malignant 
tertian,  (2)  the  pigmented  quotidian,  and  (3)  the  unpigmented  quotidian 
parasites. 

Van  der  Scheer  and  Plehn,  working  extensively  in  India  and  Africa, 
find  only  two  well-distinguished  species,  (1)  the  large  and  (2)  the  small 
forms.  The  former  include  the  quartan  and  tertian  parasites,  the  latter, 
the  EEstivo-autumnal  or  tropical  group  of  other  aiithors. 

It  is  seen  that  while  there  are  no  distinctly  contradictory  views 
among  the  pluralists,  there  is  an  entire  lack  of  agreement  in  regard 
to  the  grounds  required  for  the  separation  of  species.  Since  there  is 
no  room  to  doiibt  that  a  certain  stability  exists  in  the  three  generally 
recognized  species  of  parasites,  practically  the  question  at  issue  is 
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■whether  these  species  are  ever  interchaugeable,  and,  if  so,  to  what 
extent  and  under  what  circumstances  may  one  species  pass  into 
another.  Mannaberg  has  fully  presented  the  evidence  in  favor  of  a 
plurality  of  species,  without,  however,  considering  many  opposing 
facts,  and  Laveran  has  ably  supported  his  own  belief  in  a  single 
species,  disregarding  much  contradictory  morphological  evidence. 
AYhilc  it  is  unlikely  that  the  question  will  be  fully  settled  until  the 
extracorporeal  form  of  the  parasite  has  been  fully  traced,  there  are 
some  recent  observations  on  the  subject  which  may  be  profitably  re- 
viewed. 

The  strongest  evidence  in  favor  of  a  plurality  of  species  is  found 
in  the  results  of  experiments  on  the  inoculation  of  malaria,  which, 
when  properly  controlled,  have  invariably  j)roduced  the  type  of  organ- 
ism found  in  the  specimen  of  blood  used  in  the  inoculation.  Manna- 
berg tabulates  33  experiments  of  this  nature,  in  30  of  which  the 
inoculation  produced  the  type  of  organism  found  in  the  inoculated 
blood,  while  in  three  the  result  was  doubtful.  To  these  may  now  be 
added  one  case  successfully  inoculated  with  the  restivo-autumnal  para- 
site by  Zagari  and  Pace;  Sacharoff's  infection  of  himself  with  the 
sestivo-autumnal  parasite  taken  from  a  leech;  and  two  tertian,  six 
sestivo-autumnal,  and  two  mixed  infections  by  tertian  and  asstivo- 
autumnal  parasites  reported  by  Elting."  There  are  thus  at  least  42 
experiments  in  which  the  inoculation  of  a  certain  variety  of  parasite 
was  followed  by  fever  and  the  growth  of  the  same  parasite  in  the 
blood,  llere  must  be  mentioned  also  the  ti'ansference  of  aestivo- 
autumnal  and  tertian  infections,  successfully  accomplished  by  Big- 
nami,  Grassi,  and  Bastianelli,  through  the  agency  of  mosquitoes.  The 
invariable  reappearance  in  the  infected  individual  of  the  type  of  para- 
site contained  in  the  injected  blood  is  undeniably  strong  evidence  of 
permanency  of  these  malarial  species.  On  the  other  hand,  the  inocu- 
lation experiments  by  no  means  prove  that  the  so-called  species  are 
immutable  under  all  conditions.  Accordingly,  tlie  passage  of  the 
parasite  through  the  bodies  of  mosquitoes  and  its  reappearance  un- 
changed in  subjects  thus  inoculated  by  Bignami,  Grassi,  and  Basti- 

"  Zeitscht:  f  kliu.  Med.,  1S99,  xxxvi,  p.  4!)!. 
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nelli,  must  have  far  higher  value  as  evidence  of  the  immutability  of 
the  species.  Yet  the  same  element  of  doubt  attaches  even  to  the  latter 
experiments,  vehich  may  merely  indicate  that  the  proper  conditions 
for  the  transformation  of  species  have  not  yet  been  furnished  arti- 
ficially. 

A  further  line  of  evidence  of  the  same  general  character  is  cited 
by  the  pluralists  in  the  immutability  of  species  demonstrated  in  indi- 
viduals who  have  been  kept  under  observation  for  months.  It  is  a 
matter  of  common  experience  that  patients  who  suffer  relapses  after 
long  intervals  sometimes  extending  over  years,  usually  show  the  same 
type  of  parasite  in  the  relapse  as  in  the  initial  attack. 

Calandruccio  examined  a  triple  quartan  infection  daily  for  months 
and  found  only  quartan  parasites,  and  in  two  cases  crescents  were  found 
to  persist  in  the  blood  for  two  and  six  months  respectively,  without  the 
appearance  of  any  other  tj^pe  of  organism.  Grassi  and  Feletti  also  found 
no  change  in  the  type  of  parasites  in  a  case  of  quartan  fever  examined  for 
two  months,  and  in  a  case  of  a^stivo-autumual  infection  examined  from 
October  to  March. 

The  permanency  of  the  quartan  infections  might  be  expected,  but  the 
observations  on  Eestivo-autiimnal  cases  are  valuable  indications  that 
aestivo-autumnal  infections  may,  at  least  in  some  localities,  persist  un- 
changed through  the  winter.  In  this  field,  however,  the  unieists  are  able 
to  offer  cogent  evidence  in  support  of  their  claims.  Antolisei  (quoted 
by  Bignami  and  Bastianelli)  has  seen  patients  with  ajstivo-autumnal 
infection  remaining  in  the  hospital  all  winter  manifest  tertian  paroxysms 
with  tertian  parasites  in  the  blood  in  the  spring.  They,  however,  regai'd 
these  cases  as  examples  of  latent  tertian  infection. 

On  this  same  point  the  observations  of  Marchoux,  during  an  extensive 
experience  in  Senegal,  are  of  interest.  He  believes  that,  during  the 
rainy  season,  in  susceptible  individuals  the  cycle  of  the  malarial  para- 
sites in  Senegal  lasts  24  hours  at  the  height  of  the  season,  but  varies  in 
different  cases.  In  Europeans  it  tends  to  shorten  and  the  fever  be- 
comes remittent  or  continuous.  In  the  dry  season,  the  cycle  is  longer, 
and  the  volume  of  the  parasite  increases.  In  many  patients  with  a  his- 
tory of  old  seizures,  who  have  acquired  some  immunity,  the  parasite 
increases  in  size  and  at  length,  he  says,  becomes  identical  with  the  mild 
tertian  species.  During  the  rainy  season  when  the  newly  arrived  Euro- 
peans are  suffering  from  infection  with  the  small  ring  forms,  the  native 
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muleteers,  when  attacked,  all  show  the  large  tertian  forms  in  the  blood. 
These  observations,  while  evidently  lacking  in  precision,  must  be  re- 
garded as  most  significant  of  the  underlying  conditions  governing  the 
character  of  malarial  infection  in  the  tropics. 

Ziemann's  "  experience  led  liim  to  conclusions  very  similar  to  those  of 
ilarchou.x.  viz.,  that  the  biological  and  morphological  peculiarities  of  the 
parasite  may  be  altered  by  change  of  climate  and  differences  in  individual 
susceptibility.  Thus  in  a  patient  who  had  recently  returned  from 
Kamerun,  typical  quartan  fever  was  found  associated  with  asstivo- 
autumnal  parasites,  while  in  another  instance  an  ordinary  tertian  fever 
was  developed.  Ziemanu  also  noted  the  prevalence  of  irregular  fevers 
with  small  parasites  among  Europeans,  while  the  natives  were  suffering 
from  quartan  infections.  In  his  monograph  on  malaria  ^  published  in 
1898,  Ziemann  opposes  the  unicists,  and  acknowledges  himself  as  a  sup- 
porter, so  far  as  existing  evidence  goes,  of  the  doctrine  of  plurality  of 
species. 

ily  observations  at  Montauk  on  eases  recently  arrived  fi"om  Cuba, 
and  later  in  New  York  City,  developed  some  facts  of  interest  in  this 
connection. 

In  two  eases  examined  in  August  large  tertian  and  small  sestivo- 
autumnal  ring  forms  and  crescents  were  found  in  the  blood,  but  when 
these  cases  were  examined  three  weeks  later  only  large  tertian  para- 
sites were  found  after  a  prolonged  and  repeated  search.  An  irregular 
administration  of  quinine  had  apparently  rid  the  blood  of  the  per- 
nicious type  of  parasite,  leaving  the  benign  tertian  form  to  reappear 
in  the  relapse. 

Of  335  cases  in  which  parasites  were  identified  in  the  blood,  at 
Montauk,  only  20  per  cent  (including  mixed  infections)  showed  the 
large  tertian  organism.  But  during  the  past  winter  (1898-99)  I 
examined  the  blood  of  15  volunteer  soldiers  who  were  suffering  from 
relapses  of  malarial  fever  contracted  in  Cuba,  and  all  showed  the 
large  tertian  parasite  only.  This  same  experience  has  been  the  rule 
at  various  hospitals  and  dispensaries  of  this  city.  In  one  of  these 
patients  the  blood  was  examined  in  August  by  a  competent  observer 
and  found  to  contain  sestivo-autumnal  rings  and  crescents,  but  in  Jan- 

20  Centrum,  f.  Bukler,  1896.  xx,  p.  653. 
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nary  only  the  tertian  parasite  could  be  fonud  during  a  sharp  relapse. 
It  is  of  course  possible  tJiat  mixed  infection  existed  in  this  case,  but 
there  is  no  clear  explanation  of  the  failure  to  find  the  tertian  parasite 
in  August.  Also,  to  reconcile  the  fact  that  the  tertian  parasite  was 
always  found  in  the  above-mentioned  relapses  with  the  theory  of 
immutable  species  requires  considerable  straining  of  the  facts  known 
in  regard  to  the  relative  virulence  of  the  species  and  their  relative 
susceptibility  to  quinine.  It  appears  more  reasonable  to  suppose  that 
under  the  influence  of  cold  weather,  and  gi'adually  increasing  sys- 
temic resistance,  the  testivo-autumnal  parasite  was  replaced  by  the 
tertian  in  the  relapses  suffered  by  these  volunteei-s.  Or  it  may  be 
suggested  that  the  cold  weather  alone  stamped  out  the  sestivo-autumnal 
infections,  leaving  only  the  tertian  cases  to  relapse  during  the  winter. 

The  disappearance  of  the  festivo-autiimnal  infections  during  the 
late  autumn  and  winter  recalls  the  fact  that  the  distribution  of  the 
types  of  infection  is  determined  by  climatic  conditions,  although,  as 
Laveran  puts  it,  "  if  the  species  are  separate,  there  ought  to  be  geo- 
gi-aphical  foci  where  tertian  or  sestivo-autumnal  infections  largely 
predominate,  whereas  all  forms  of  malaria  are  commonly  contracted 
wherever  malaria  is  endemic." 

The  theory  of  "  mixed  infections  "  also  has  been  made  to  bear  a 
heaA^  burden  in  order  to  support  the  belief  in  separate  species.  In 
the  ordinary  type  of  mixed  infection  the  tertian  amoeboid  forms  are 
associated  with  crescents,  but  one  rarely  finds  both  amoeboid  forms, 
with  or  without  crescents,  in  the  same  individual.  Tet  if  the  patient 
is  susceptible  to  malai'ia  why  should  he  retain  the  mild  tertian 
amoeba,  while  the  small  maligiiant  forms  disappear? 

The  lack  of  permanency  observed  in  the  mixed  infections  is  also 
a  suspicious  feature  of  the  condition.  Two  types  of  parasites  seldom 
remain  long  together  in  the  same  subject,  one  very  shortly  displacing 
the  other,  as  shown  both  by  clinical  observation  and  in  experimental 
infections  (cf.  De  Mattei,  Calandruccio).  As  a  rule,  it  is  the  more 
highly  vegetative  tertian  parasite  which  in  clinical  experience  dis- 
places the  more  malignant  sestivo-autumnal,  but  this  rule  may  be 
reversed  in  experimental  infections.     De  Mattei  saw  an  old  quartan 
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infection  disappear  after  experimental  infection  by  the  asstivo- 
autunmal  parasite,  as  well  as  the  disappearance  of  sestivo-autumnal 
parasites  after  inoculation  with  quartan.  Gualdi  and  Antolisei  record 
two  cases  of  quartan  infection  seen  in  May,  which  showed  sestivo- 
autumnal  parasites  in  the  autumn. 

The  frequency  of  mixed  infections  is  undoubtedly  an  argument 
against  the  plurality  of  species,  showing  that  there  is  a  very  close 
connection  between  the  sources  of  the  tertian  and  sestivo-autumnal 
forms  of  parasite.  In  my  preliminary  report  of  the  Montauk  cases 
there  were  noted  12  examples  of  double  infection  out  of  86  tertian 
cases  observed.  By  a  subsequent  review  of  a  minority  of  tJiese  speci- 
mens the  number  of  mixed  infections  has  been  nearly  doubled  by  the 
discovery  of  single  crescents  in  tertian  cases,  or  of  single  large  tertian 
organisms  among  many  crescents.  I  believe  that  mixed  infections 
are  much  more  common  in  the  severe  cases  of  the  tropics  than  present 
reports  indicate,  and  that  their  recognition  depends  largely  on  the 
time  one  cares  to  spend  on  the  examination  of  the  blood. 

All  the  above  difficulties  may,  however,  be  adjusted  to  the  theory 
of  a  plurality  of  species,  and  in  the  absence  of  more  definite  knowledge 
of  the  extracoi-poreal  form  and  development  of  the  parasite  it  is 
unlikely  that  the  question  can  be  settled  on  such  general  considera- 
tions as  those  adduced. 

Turning  to  the  comparative  morphology  of  the  parasite,  the  evi- 
dence both  for  and  against  the  plurality  of  species  becomes  much  more 
specific.  Here  the  pluralist  doctrine  finds  its  chief  support  and, 
whatever  may  be  the  final  outcome"  of  the  discussion,  it  cannot  be 
doubted  that  the  three  groups  of  parasites,  quartan,  tertian,  and 
aestivo-autumnal,  exhibit  morphological  characters  which  are  to  a 
large  extent  immutable.  Yet  the  two  widely  different  forms — the 
sestivo-autumnal  rings  and  the  crescents — are  regarded  as  belonging 
to  the  same  species,  and  the  whole  groundwork  of  a  morphological 
classification  is  found  to  be  insecure  on  account  of  the  extreme  poly- 
morphism observed  throughout  the  entire  group  of  protozoa.  Of  this 
a  few  details  may  here  be  briefly  considered. 

One  of  the  most  striking  differences  between  the  tertian  and  the 
aestivo-autumnal  parasites  is  the  dissimilarity  in  the  staining  quality  of 
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their  nuclei.  Methylene  bine  stains  the  nnclens  of  the  young  aestivo- 
autunmal  ring  densely  but  fails  to  stain  the  nucleus  of  the  tertian  ring. 
This  difference  probably  depends  upon  an  unequal  mixture  of  oxy- 
chromatin  and  basi-chromatin  in  these  nuclei.  I  cannot  find  that  similar 
differences  are  recognized  in  the  staining  qualities  of  any  two  species 
of  eoccidia  or  of  gregarines,  but  somewhat  similar  differences  were  noted 
between  different  phases  of  the  same  species  of  eoccidia  by  J.  Clarke,  and 
by  Siedlecki. 

The  study  of  flagellated  bodies  in  related  protozoa  may  be  found  to 
bear  on  the  question  of  a  plurality  of  species  of  malarial  parasites.  In 
Coccidiiim  oviforme  flagella  have  been  found  to  develop  from  large 
spheroidal  bodies.  This  protozoan  prodiices  crescents,  but  these  have 
not  been  traced  through  exflagellation  (Simond).  In  Benedenia  ovata 
flagella  have  been  found  to  develop  from  large  spheroidal  bodies.  This 
protozoan  also  produces  crescents,  but  these  have  not  been  traced  to  a 
flagellating  stage.  In  Adelea  ovata,  on  the  other  hand,  the  exflagella- 
tion of  crescents  has  been  observed,  but  large  spheroidal  forms  producing 
crescents  have  not  been  described  (Siedlecki). 

It  would  appear  that  most  eoccidia  and  gregarines  produce  flagella 
both  from  large  spheroidal  bodies  and  from  crescentic  forms.  Although 
the  homologuos  of  these  forms  in  the  malarial  parasites  are  not  fully  de- 
termined, this  fact,  if  fully  established,  would  strongly  indicate  that  the 
tertian  malarial  parasite  producing  flagella  from  large  spheroidal  bodies, 
and  the  sestivo-autumnal  parasite,  with  flagellating  crescents,  are  phases 
of  one  and  the  same  protozoan. 

It  may  be  claimed  that  if  the  so-called  malarial  species  are  interchange- 
able, transitional  forms  ought  to  be  abundantly  present  in  some  cases, 
bat  these  have  not  been  fully  demonstrated.  Yet  it  appears  by  no  means 
certain  that  in  order  to  establish  the  unity  of  the  malarial  parasite  it  is 
necessary  to  assume  the  existence  of  transitional  forms.  In  Benedenia 
odopiana.  the  formation  of  crescents  is  preceded  by  an  entire  bisexual 
cycle  of  development  in  which  the  male  element  -is  furnished  by  large 
spheroidal  flagellate  bodies.  The  intermediate  forms  of  the  two  cycles 
in  this  protozoan  differ  considerably  from  each  other,  there  are  no  transi- 
tional forms  between  them,  and  yet  both  belong  to  the  same  parasite. 

"While  it  is  true  that  no  transitional  forms  between  tlie  Eestivo- 
autumnal  and  the  tertian  parasite  and  between  the  tertian  and  the 
quartan  parasites  have  been  fully  described,  there  are  numerous 
observations  indieatino-  that  such  forms  exist.     The  slight  differences 
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in  size,  refractive  quality  and  amceboid  activity  •which  led  Marchia- 
fava  and  Bignami  to  separate  a  quotidian  from  a  tei'tian  aestivo- 
autumnal  species,  a  position  from  which  they  have  largely  receded, 
have  been  noticed  and  regarded  by  others  as  occasional  differences  in 
the  morphology  of  one  iBstivo-autumnal  species  (Ziemann,  Gautier, 
and  others),  ilarchoux  claims  to  have  observed  a  gradual  increase 
in  the  size  of  the  sestivo-autumnal  parasite  during  the  healthier  sea- 
sons in  Senegal.  When  one  closely  examines  the  parasites  seen  in 
the  average  tertian  case  of  this  climate,  isolated  forms  may  be  found, 
in  greater  or  less  numbers,  which  closely  resemble  the  quartan  para- 
site. The  red  cells  are  not  always  swollen  when  infected  by  tertian 
organisms,  and  these  parasites  are  sometimes  compact  and  very  richly 
and  coarsely  pigmented  at  an  early  stage.  Of  the  two  somewhat  dis- 
tinct forms  of  parasites  which  I  find  commonly  enter  into  the  con- 
jugating pairs  of  the  tertian  series,  one  is  compact,  of  rather  small 
size,  and  resembles  the  quartan  parasite  in  some  particulars,  but  the 
infected  cells  are  swollen. 

In  examining  the  blood  of  volunteer  soldiers  who  were  suffering 
during  the  past  winter  from  relapses  of  malarial  fever  contracted  in 
Cuba,  I  was  early  struck  with  the  resemblance  which  many  of  the 
young  tertian  parasite?  bore  to  the  young  festivo-autumnal  rings.  In 
some  of  these  cases  the  young  tertian  rings  closely  resembled  the 
yoimg  signet-ring  form  of  the  sestivo-autumnal  parasite,  exhibiting  a 
very  thin  bow  and  a  distinct  circumscribed  swelling  of  one  segTuent. 
Their  chromatin,  moreover,  was  often  found  subdivided  before  the 
appearance  of  pigment,  although  in  the  vast  majority  of  mild  tertian 
cases  seen  in  l^ew  York  City,  the  chromatin  of  the  young  tertian 
parasite  is  not  subdivided  till  after  pigment  appears  (cf.  Gautier). 
The  nuclei  of  these  forms  usually  failed  to  stain  with  methylene  blue, 
but  not  a  few  examples  were  found  among  the  young  ring-s  in  which 
the  chromatin  stained  well  with  methylene  blue.  The  usual  swelling 
of  the  infected  cell  was  often  very  slight,  or  sometimes  absent,  in  these 
eases.  It  appeared  quite  possible  to  trace  the  development  of  these 
young  rings  up  to  the  larger  amceboid  stage  when  the  tertian  char- 
acteristics become  distinct.  No  crescents  were  found  in  any  of  these 
cases. 
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Several  explanations  mav  be  offered  to  account  for  tliese  peculiari- 
ties. It  may  be  supposed  tliat  the  young  tertian  rings  do  not  neces- 
sarily differ  from  the  sestivo-aiitnmnal.  This  explanation  I  am 
unable  to  accept,  finding  that  the  tertian  ring,  as  occurring  in  Xew 
York,  invariably  differs  from  the  asstivo-autumnal  form  imported 
from  Cuba,  especially  in  regard  to  the  staining  quality  of  its  nucleus 
(see  p.  437).  Or  it  may  be  supposed  that  the  cases  in  question  were 
really  examples  of  mixed  infection.  Yet  the  suspicious  young  rings 
could  be  traced  in  development  to  the  large  tertian  forms,  and  no 
crescents  were  found  in  any  of  these  cases.  Or,  finally,  it  may  be 
supposed  that  the  peculiarities  of  the  young  parasites  in  these  cases 
represented  transitional  phases  between  the  festivo-autumnal  and  ter- 
tian parasites.  This  explanation  I  am  inclined  to  accept.  The 
observation  of  15  cases  in  which  such  peculiarities  were  noted  is,  how- 
ever, insufficient  to  be  convincing,  and  satisfactory  gTounds  for  the 
acceptance  of  such  a  belief  cannot  well  be  furnished  except  by  dem- 
onstrating the  comjjlete  transformation  in  the  same  individual  of  an 
Eestivo-autumnal  infection  during  the  winter  through  various  transi- 
tional phases  in  the  morphology  of  the  parasite. 

Whichever  theory  may  finally  be  established  regarding  the  varieties 
of  the  hiuiian  malarial  parasite,  the  evidence  would  seem  to  justify  the 
opinion  of  Ivruse,  Canalis,  Babes,  Celli,  Danilewsky,  and  others,  who 
regard  the  existence  of  sevei-al  species  as  not  yet  proven,  and  who  find 
not  only  in  malarial  parasitology,  but  especially  from  comparative 
biology,  that  the  phenomena  of  the  disease  are  more  easily  reconciled 
with  the  existence  of  a  single  polymorphous  species.  Certainly,  in 
many  ways,  the  knowledge  of  the  disease  would  be  furthered  by  ad- 
herence to  the  unicist  tlieory  as  a  practical  working  basis. 
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PLATE  XXIX. 


Developmental    Cycle   oT  Benign   Tertian    Parasite. 


Kic.  I.     Very  early  form  of  parasite,  showing  chromatin  granule,   '•  milky  zone,"   and  spheroidal  body. 

I'iGS.  2,  3.     Typical  young  ring-shaped  parasites. 

Figs  4,  5.     Subdivision  of  chromatin,  development  of  liody  and  appearance  of  pigment  in  later  ring-forms. 

Fig.  6.     Double  rings,  in  single  parasite. 

Figs.  7,  8.     Turban-shaped  parasites.     .Secondary  rings,  eccentric  position  of  chi\imatin. 

I''1G.  9.      Double  infection  of  cell. 

Figs.  10,  II.     Complex  amwhoid  figures  in  doubly  infected  cells. 

Fk-!.  12.     Full  grown  form,  with  large  eccentric  nucleus. 

Figs.  13.  14.     Protrusion  of  chromatin  granules  and  mill^y  substance  in  body  of  full-grown  parasite. 

Figs.  15,  16.     Division  of  chromatin  granules  into  grovips  in  reticulated  presegmenting  bodies. 

Fig.  17.      Tertian  rosette. 
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PLATE  XXX. 


Cycles   of  ^Estivo-autuninal    Parasite. 


Fin.  I.     Very  young  form. 

Fig.  2.     Infection  of  one  cell  with  seven  young  parasites.     (Drawn  from  a  marrow-sme.ir.) 
Fig.  3.     Triple  infection.     Two  parasites  joined  by  single  chromatin  mass. 
Fig.  4.     Double  infection.     Peculiar  rings  with  two  chromatin  grains  at  opposite  poles. 
Fig.  5.     Double  Infection.     Small  ring  adherent  to  cell. 
Figs.  6,  7.     Signet-ring  forms.     Sub-division  of  chromatin. 

Figs.  S,  9.     Later  ring  forms,   with  sub-divided  chromatin  and  few  pigment  grains. 
'Figs.  10-12.     Full-grown  forms  with  finely  sub-divided  chromatin  and  gradual  concentration  of  pigment. 
Figs.  13,  14.     Stages  of  presegmenling  forms,   with  concentrated  eccentric  pigment. 
Flo.  15.     Double  infection  with  separate  presegmenting  bodies. 
Fig.  16.     yEstlvo-autumnal  rosette. 
Imgs.  17,  18.     Young  crescent  and  ovoid. 
I'IG.  ig.      "Pulsating"  crescent. 
I'iGs.  20-22.     Various  forms  of  crescents. 
Fig.  23.     Two  bows  about  single  crescent. 
FiG.  24.     Finely    developed    crescent;    two    masses   of    chromaiin  ;    achromatic    substance;    double 

wreaths  of  pigment. 
I'IG.  25.     Diagrammatic  flagellating  body. 
Fig.  26.     Extra-cellular  sterile  body. 
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PLATE  XXXI. 


Cycle   of  Quartan    Parasite. 


..  I.     Very  early  non-pigmented  form. 
1  ii.-'.  2,  3,  4.     Small  quartan  rings,   with  large  cliromalin  masses  anil  abundance  of  pigment. 
In;.  5.     Turban-shaped  ring,   with  subdivided  chromatin. 
Kii;.  6.     Subdivision  of  ring  and  of  chromatin  granules. 
Fig.  7.     Coarse  quartan  ring  with  central  chromatin  granules. 

Fig.  8.     Full-grown  quartan  parasite,  with  eccentric  chromatin,  hyaline  body,  and  abundance  of  pigmom. 
I'ir..  0.     E.\tra-cellular  reticulated  body. 
I  I        1    -ij.     Quartan  presegmenting  forms. 
I'u;.  14.     Ouartan  rosette. 
Fig.  15.     Pigmented  mononuclear  leucocyte. 
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PLATE  XXXII. 


Conjugating   Cycle   of  Tertian    Malarial    Parasite. 


Fig.  I.     Single  compact  body  with  double  chromatin  masses. 

Fig.  2.     Conjugating  rings  of  unequal  size. 

Fio.  3.     Double  infection  with  a  coarse  ring,  double  chromatin  gr.inules,  and  a  thin  ring  form. 

Figs.  4,  5.     Early  stages  of  conjugation  of  a  thin  ring  and  a  compact  body. 

Fig.  6.     Early  amceboid  figures  of  conjugating  rings. 

Fig.  7.     Double  nuclei  in  amoeboid  parasite. 

Fig.  8.     Union  of  nuclei,  and  subsidence  of  annieboid  motion  in  older  conjugating  parasites. 

Figs.  9,  10.     Stages  of  union  of  bodies  and  of  three  chromatin  masses,  of  two  conjugating  parasites. 

Fig.  II.     Complete  union  of  bodies  and  nuclei. 

Figs.  12,  13.     Comparative  sizes  of  full-grown  forms  developed  with  and  without  conjugation. 
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THE  WESLEY  ^[.  CARPENTER  LECTURE  ON  CONJUGA 

TION  IX  THE  ASEXUAL  CYCLE  OF  THE 

TERTIAN  MALARIAL  PARASITE.* 

Bv  JAMES  EWING,  A.  M.,  M.  D., 

NEW  York/ 

PROFESSOR    of    PATHOLOGY,    CORNELL    UNIVERSITY    MEDICAL    COLLEGE. 

IX  1897  the  writer's  attentitm  was  attracted  by  a  specimen  of 
blood  from  a  rich  tertian  infection  in  which  there  were  very 
numerous  twinned  parasites  of  about  twelve  hours'  develop- 
ment, while  all  the  older  parasites  were  single.  A  remarkable 
specimen  of  this  type  was  secured  at  Montauk,  in  1898,  from  a  sol- 
dier just  arrived  from  Cuba,  in  whose  blood  there  were  two 
very  compact  and  very  numerous  broods,  nearly  all  the  young 
parasites  being  twinned  while  all  the  older  forms  were  single. 
Extreme  length  and  variety  of  amoeboid  processes  characterized  the 
younger  parasites  in  both  cases.  The  latter  case  promptly  raised  a 
suspicion  that  under  some  conditions  young  tertian  twins  might 
conjugate,  producing  a  single  large  full-grown  parasite. 

In  the  following  spring  two  pronounced  cases  of  the  same  tv-jit 
were  observed  in  New  Y'ork.  In  one  of  these  the  writer  was  able  to 
follow  the  parasites  through  one  complete  cycle,  and  found  that  the 
young  twins  were  succeeded  by  single  full-grown  parasite.  At  the 
same  time,  by  the  application  of  the  Nocht-Romanowsky  method  of 
staining  the  parasites,  all  stages  of  the  gradual  union  of  nuclei  were 
clearly  demonstrable,  and  the  writer's  suspicion  regarding  a  possible 
conjugation  of  young  parasites  reached  a  positive  conviction. 

Since  that  time  other  cases  have  been  observed  which  have 
supported  the  conclusions  reached  in  1899,  and  presented  in  a  pre- 
liminary report  at  Baltimore  in  March,  1900. 

The  evidence  favoring  the  belief  in  conjugation  of  parasites 
consists  principally  in   the   morphological   appearance  of  twinned 

*Delivered  at  the  New  York  Academy  of  Medicine,  November  15,  1900. 
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organisms  in  their  developmental  stages.  The  blood  in  t\  pical 
cases  usually  shows  two  broods,  the  younger  consisting  of  twinned 
compact  and  ring-shaped  parasites,  and  the  older  of  single  large  or 
full-grown  parasites.  In  many  instances  the  young  organisms  are 
entirely  separate,  each  exhibiting  a  single  large  granule  of  chroma- 
tin. Alany  red  cells,  however,  contain  two  young  parasites  which 
are  clearly  fused  together  along  one  segment  of  their  bodies,  and 
two  large  chromatin  granules  are  then  invariably  found  at  distant 
points  in  the  parasites. 

The  fused  bodies  usually  dilTer  in  appearance.  One  is  then  a 
large,  delicate  ring  with  thin  bow  and  chromatin  granule  of  mod- 
erate size,  while  the  other  is  a  coarser  body,  often  compact,  or.  if 
ring-shaped,  exhibiting  a  thicker  bow,  inclosing  little  or  no  hemo- 
globin, and  presenting  a  larger  chromatin  granule.  These  differ- 
ences between  the  conjugating  parasites  are  not  always  clearly 
visible. 

Among  the  rings  which  occur  singly  in  such  specimens  ot 
blood,  the  two  forms  of  young  parasites  are  often  distinguishable, 
but  the  writer  has  been  unable  to  find  recorded  any  observation  of 
single  rings  containing  two  large  and  equal  chromatin  granules. 
Every  red  cell  containing  two  large  and  equal  chromatin  granules 
always  contains  two  distinct  young  parasites. 

'  It  appears,  therefore,  that  the  bodies  of  these  young  twinned 
parasites  become  fused  together  while  their  nuclei  remain  separate. 
Occasionally  the  two  chromatin  granules  are  found  close  together, 
but  no  signs  of  fusion  of  nuclei  are  found  at  this  early  stage. 

In  a  somewhat  later  stage  of  development  most  of  the  para- 
sites are  found  to  have  lost  the  simple  ring  form  and  to  have  devel- 
oped a  number  of  long,  beaded,  thread-like  pseudopodia,  variously 
curled  in  the  red  cells,  indicating  a  very  active  amoeboid  stage.  The 
chromatin  masses  are  now  subdivided  into  ten  or  twelve  granules, 
but  these  masses  still  remain  far  apart  and  show  no  tendency  to 
unite. 

In  still  later  stages  the  amceboid  figures  become  less  marked  and 
the  masses  of  chromatin  lie  side  by  side  united  by  a  little  achromatic 
"milky"  substance.  Finally,  the  groups  of  chromatin  granules 
come  to  lie  side  by  side  surrounded  by  achromatic  substance,  and 
this  phase  is  marked  by  a  distinct  reduction  in  the  length  of  amceboid 
figures.  Beyond  this  stage  the  parasites  show  complete  fusion  of 
both  bodies  and  nuclei,  the  resulting  individual  being  of  large  size 
and  showing  an  abundance  of  chromatin. 
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The  morphological  evidence  indicating  conjugation  is  therefore 
apparently  complete. 

There  is  also  tlie  strong  circuntstantial  proof  to  be  mentioneii 
that  very  numerous  young  twinned  parasites  are  succeeded  by  older 
single  forms,  and  equally  significant  is  it  that  a  full-grov\'n  brood, 
all  single,  is  found  associated  with  a  numerous  young  brood  mostly 
twinned.  It  is  not  at  all  likely  that  twinning  can  occur  extensively 
in  a  part  of  a  brood  and  not  at  all  in  its  older  members,  or  in  one 
brood  extensively  and  not  at  all  in  its  predecessor.  The  occurrence 
in  the  Montauk  patient  of  two  broods,  one  less  than  half  grown  and 
almost  invariably  twinned  and  the  other  approaching  segmentation 
and  all  single,  convinced  the  writer  at  once  that  conjugation  was  the 
only  possible  explanation  applicable  to  the  case. 

Some  possible  objections  to  the  theory  of  conjugation  must  Ix' 
considered. 

The  suggestion  naturally  arises  that  the  presence  of  two  masses 
of  chromatin  does  not  necessarily  mean  the  presence  of  two  para- 
sites in  one  red  cell.  From  a  long  series  of  observations  on  the 
character  of  the  chromatin  in  young  tertian  parasites,  the  writer 
must  admit  that  this  claim  is  partially  valid.  The  young  tertian 
parasite,  in  some  cases,  may  contain  two  granules  of  chromatin. 
In  the  young  compact  body  previously  described,  these  granules, 
when  present,  may  be  large  and  of  nearly  equal  size,  but  in  the  deli- 
cate tertian  ring  the  writer  has  never  seen  two  equally  large  chro- 
matin granules.  In  somewhat  rare  instances  the  thin  ring  shows  an 
accessory  granule  of  small  size  in  the  neighborhood  of  the  main 
granule,  but  never,  in  the  writer's  observation,  have  two  large  gran- 
ules occurred  in  a  single,  thin,  ring-shaped  tertian  parasite. 

The  significance  of  these  double  granules  is  not  clear.  The  aj) 
pearance  of  two  very  small,  compact,  spore-like  bodies,  partly  fused 
together,  as  may  occasionally  be  seen,  indicates  that  such  forms  maj 
sometimes  result  from  the  early  union  of  the  bodies  of  two  ver) 
young  parasites.  The  accessory  granules  in  the  thin  rings  havc 
always  appeared  too  small  to  have  been  derived  in  the  same  way, 
and  probably  result  from  the  precocious  subdivision  of  the  mam 
granule.  The  accessory  granules  may  arise,  therefore,  (i)  from  the 
incomplete  fusion  of  the  original  granules  which  go  to  make  up  the 
spore  in  the  parent  rosette,  or  (2)  from  a  precocious  subdivision  oi 
the  chromatin,  as  suggested  by  Ziemann,  or  (3),  as  seems  most  likely 
to  be  the  case  with  the  compact  bodies,  by  the  incomplete  separation 
of  the  bodies  of  two  spores  in  the  rosette. 
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In  any  case,  the  existence  of  more  than  one  granule  in  a  singU: 
parasite  presents  no  difficulty  for  the  theory  of  conjugation.  The 
identification  of  twin  parasites  in  the  writer's  specimens  has  always 
been  based,  not  merely  on  the  presence  of  multiple  nuclei,  but  also 
on  the  undoubted  presence  of  the  bodies  of  two  distinct  parasites. 
In  some  of  the  conjugating  forms,  moreover,  three  masses  of  chro- 
matin granules  were  rather  frequently  seen  in  various  stages  oi 
union,  when  only  two  bodies  of  parasites  were  to  be  found  in  the 
red  cells.  This  appearance,  which  was  at  first  very  puzzling,  can  be 
positively  referred  to  the  conjugation  of  one  compact  parasite  with 
double  chromatin  granules  and  one  thin  ring-form  with  single  gran- 
ule. In  one  case  single  compact  parasites  with  double  granules 
twinned  with  thin  ring-forms,  and  large  conjugating  forms  with 
three  masses  of  chromatin,  were  present  in  considerable  and  nearly 
equal  numbers.  It  appears,  therefore,  that  the  presence  of  two 
large  and  equal  masses  of  chromatin  in  one  infected  red  cell  indi- 
cates, with  few  exceptions,  the  presence  of  two  parasites.  The  ex- 
ceptions are  disposed  of  by  the  fact  that  three  nuclei  are  sometimes 
seen  in  conjugating  forms,  two  of  which  are  usuallj'  derived  from 
two  very  young  compact  forms  uniting  v^rj-  early,  prcbabl}-  in  the 
rosette,  and  the  third  from  subsequent  conjugation  with  a  ring- 
shaped  parasite. 

The  further  development  of  single  young  parasites  with  acces- 
sory granules  may  be  followed  in  rare  instances.  The  accessory 
granule  divides,  as  does  the  main  mass  of  chromatin,  and,  later, 
unites  to  form  one  clump  of  granules  in  the  full-grown  stage. 
Throughout  these  stages  the  total  bulk  of  the  two  chromatin  masses 
appears  not  to  exceed  the  average  of  single  parasites,  whereas  in  the 
conjugating  forms  the  excessive  quantity  of  chromatin  in  all  stages 
is  a  very  striking  feature. 

In  all  the  examples  of  such  single  parasites  that  the  writer  has 
seen,  the  unequal  size  of  the  chromatin  masses  was  distinct  when 
there  was  no  indication  of  the  presence  of  the  bodies  of  two  para- 
sites in  the  same  cell.  These  forms,  therefore,  differ  entirely  from 
the  conjugating  forms  above  described,  in  which  multiple  chromatin 
masses  are  always  associated  with  multiple  parasites. .  The  writer 
has  never  seen  more  than  two  masses  of  subdivided  granules  in  a 
single  parasite,  whereas  three  large  and  equal  masses  may  be  ob- 
served in  two  conjugating  forms. 

Ziemann  describes  the  appearance  of  multiple  chromatin  masses 
in  young  tertian  parasites.     He  was  at  first  uncertain  whether  these 
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granules  were  referable  lo  the  presence  of  two  fused  parasites  or  to 
early  division  of  one  nucleus,  but  finally  accepted  the  latter  explana- 
tion. He  describes  the  separation  of  one,  or  rarely  two,  accessor) 
granules  from  the  original  mass  in  cells  infected  by  single  young 
parasites.  Sometimes  the  accessory  granule  was  much  smaller 
than,  sometimes  nearly  as  large  as,  the  parent  granule.  All  these 
appearances  the  writer  has  seen  in  single  parasites,  less  often  in 
single  members  of  the  conjugating  pair;  and  he  agrees  with  Zie- 
mann  that  they  may  represent  merely  a  precocious  subdivision  of 
chromatin,  but  the  conjugating  forms  of  the  writer's  observations 
are  quite  diflferent  and  do  not  appear  in  Ziemann's  descriptions. 

Secondly,  it  may  be  objected  that  it  is  impossible  to  determine 
when  the  bodies  of  two  parasites  are  really  united,  as  one  may  over- 
lap the  other  and  produce  a  false  impression  of  union.  This  diffi- 
culty is  undoubtedly  present  with  some  of  the  young  forms ;  but, 
with  others,  the  appearance  of  the  parasites  toward  the  completion 
of  the  process,  when  amoeboid  motion  is  subsiding,  is,  on  the  con- 
trary, absolutely  convincing  that  the  bodies  are  actually  fused.  The 
significance  of  two  or  three  large  masses  of  chromatin  surrounded 
by  one  achromatic  zone  is  also  unmistakable. 

Thirdly,  it  may  well  be  pointed  otit  that  examples  of  twin  para- 
sites of  advanced  development,  presegmenting  bodies  and  rosettes, 
are  sometimes  seen  in  severe  tertian  infections,  furnishing  examples 
of  twinning  without  subsequent  conjugation.  This  fact  is  a  matter 
of  rather  common  observation,  and,  in  the  writer's  experience,  there 
have  been  some  cases  in  which  it  was  especially  noted.  In  one  in- 
fected cell  were  found,  for  instance,  a  large  rosette  and  a  compressed 
hyaline  body.  In  another  were  seen  one  perfect  rosette,  one  imper- 
fect presegmenting  body,  and  one  compressed  hyaline  bodv. 

It  may  be  said  of  these  twins  which  proceed  to  segmentation 
without  conjugating,  that  they  are  vastly  less  numerous  than  the 
conjugating  forms  of  young  twins  seen  in  the  same  or  other  speci- 
mens. The  writer  has  seen  hundreds  of  conjugating  forms  within 
a  few  months,  btit  remembers  only  three  or  four  twinned  rosettes 
seen  in  as  many  years. 

In  the  cases  showing  twinned  adult  parasites,  a  few  younger 
couples  were  seen  which  showed  no  attempt  to  conjugate.  The 
great  majority  of  these  young  parasites  were  the  typical  tertian  ring- 
shaped  parasites,  while  the  small  compact  forms  were  hard  to  find. 
There  is  in  this  fact  an  indication  that  conjugation  requires  the 
presence  of  two  somewhat  differentiated  parasites,  as  already  de- 
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scribed,  one  a  compact  body  and  the  other  a  ring-shaped  parasite. 
Observation  of  recent  cases  has  borne  out  this  conclusion. 

Finally,  the  comparative  absence  of  older  twinned  parasites 
may  be  referred  to  the  death  and  extrusion  of  one  of  the  twins  while 
the  other  proceeds  to  full  development  alone. 

In  some  gregarines  in  which  multiple  infection  of  cells  and  con- 
jugation of  parasites  is  common  (Klossia),  one  of  the  parasites 
usually  succeeds  in  dwarfing  its  companions  and  reaches  full  de- 
velopment alone.  The  dwarfed  or  dead  parasites  are  then  found  in 
the  cell  alongside  of  the  growing  form  (Wolters;  Clarcke).  In 
some  instances  of  multiple  infection  by  full-grown  malarial  parasites 
there  are  evidences  of  compression  and  death  of  the  younger  of  two 
or  three  organisms.  More  often  both  parasites  appear  to  be  equally 
favored.  In  any  case,  the  remains  of  the  dwarfed  parasite  ought  to 
be  found  if  one  member  of  the  pair  commonly  inhibits  the  growth 
of  the  other.  In  the  writer's  cases  showing  conjugation  no  traces 
of  dwarfed  parasites  could  be  found,  and,  while  j'oung  twins  were 
extremely  common,  all  the  older  parasites  were  single.  It  there- 
fore appears  to  be  impossible  to  explain  the  entire  absence  of  older 
twinned  forms,  and  especially  of  traces  of  any  abortive  individuals, 
on  any  other  basis  than  that  of  conjugation. 

The  writer  finds,  therefore,  that  the  usual  result  of  twinning 
of  tertian  parasites  is  conjugation;  that  twins  sometimes  grow  to 
maturity  without  conjugating,  for  reasons  which  are  not  clear,  but 
apparently  when  both  parasites  show  the  usual  ringform  :  that  the 
union  sometimes  involves  three  parasites,  but  probably  always  re- 
quires the  presence  of  one  or  more  compact,  densely  staining  forms, 
which  do  not  commonh^  assume  the  ring  shape,  and  one  of  the 
typical  tertian  rings. 

A  further  inquiry  relates  to  the  frequency  with  which  conjuga- 
tion occurs  and  its  position  as  an  essential  or  accidental  phenomenon 
in  the  progress  of  malarial  infection. 

It  would  seem  that  a  process  so  fundamental  as  the  conjugation 
of  individuals,  if  it  occurs  at  all,  ought  to  be  an  invariable  feature 
of  every  active  infection,  but  it  must  be  admitted  that  the  majority 
of  specimens  taken  from  routine  cases  fail  to  show  distinct  traces 
of  the  process.  Nevertheless,  it  is  probably  a  very  common  occur- 
rence, since  the  writer  has  found  little  difficulty  in  securing  speci- 
mens containing  a  few  conjugating  forms. 

The  four  cases  originally  referred  to  as  exhibiting  \ery  abundant 
conjugating   forms   presented   several    characteristics   in    common. 
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They  were  all  verj-  rich  infections,  the  Montauk  case  showing  more 
parasites  than  the  writer  has  ever  seen  in  any  other  benign  tertian 
infection.  The  three  New  York  cases  were  examined  early  in  the 
course  of  the  disease  after  severe  febrile  paroxysms.  They  all  re- 
sponded promptly  to  quinine,  although  one  relapsed  when  quinine 
was  omitted.  Conjugating  forms  are  usually  few  or  wanting  when 
the  total  number  of  parasites  is  small,  or  after  quinine  has  been 
given,  or  in  third  or  fourth  paroxysms.  Conjugation  seems  to  be  a 
feature,  therefore,  of  the  early  stages  of  rich  infections. 

This  conclusion  from  clinical  data  accords  with  the  well-known 
significance  of  conjugation  among  many  protozoa,  which  are  able 
to  reproduce  two  or  three  generations  through  conjugation,  after 
which  another  type  of  sexual  reproduction  becomes  obligatory. 

The  further  examination  of  specimens  exhibiting  conjugating 
forms  develops  other  peculiarities  of  great  interest. 

Single  parasites  of  both  types,  ;'.  e.,  compact,  densely  staining 
bodies  with  one  or  two  large  chromatin  granules,  and  the  thin  ring- 
shaped  parasites,  can  be  traced  through  later  stages  of  development. 
The  compact  bodies  remain  densely  staining  and  compact  through- 
out their  growth.  They  are  not  often  foimd  in  distinct  ring-form 
inclosing  haemoglobin,  but  usually  remain  compact,  while  develop- 
ing short  amoeboid  processes.  They  are  usually  of  smaller  size  in 
all  stages  than  are  other  equivalent  tertian  parasites,  but  the  infected 
cells  are  slightly  swollen.  In  some  respects  they  resemble  quartan 
parasites.  In  the  full-grown  stage  these  bodies  are  still  densely 
staining,  with  verj^  distinct  chromatin  granules.  The  writer  is  not 
certain  that  they  ever  segment,  but  he  has  been  able  to  trace  them  up 
to  a  form  in  which  there  are  six  subdivided  groups  of  chromatin 
granules.  (See  cuts.)  Now,  the  true  presegmenting  tertian  form 
does  not  develop  its  sixteen  to  twenty  separate  nuclei  b}-  the  sub- 
division of  the  parent  group  of  granules  first  into  two,  then  into  four, 
eight,  and  sixteen  masses,  but  the  whole  parent  mass  flows  out  into 
the  body  and  is  at  once  disseminated  into  the  final  number  of  nuclei 
destined  to  form  spores.  These  densely  staining  bodies  with  from 
four  to  six  chromatin  masses  are  distinctly  different  in  appearance 
from  the  true  presegmenting  bodies.  The  writer  finds  them,  on  the 
other  hand,  much  more  like  the  bodies  which  in  shed  blood  exhibit 
undoubted  evidence  of  the  beginning  formation  of  flagella.  Indeed, 
in  some  of  the  densely  staining  compact  bodies  with  six  chromatin 
masses  obtained  directly  from  the  circulating  blood,  the  chromatin 
has  appeared  in  elongated  rod-form  as  it  appears  in  forming  flag- 
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DESCRIPTION  OF  CUTS. 

Figs.  J-B  inclusive  represent  the  forms  zt'liich  belong  to  the  development  cycle  of 

the  compact  tertian  parasite. 
Figs.  i)-io  represent  phases  of  fonnation  of  Aagella  in  shed  blood. 
Figs.  11-16  represent  the  forms  which  belong  to  the  cycle  of  the  thin  ring-shaped 

tertian  parasite. 
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ella  in  shed  blood.  The  writer  has  not  traced  the  extrusion  of  flag- 
ella  from  these  compact  bodies  with  six  nuclei,  but  in  specimens 
made  from  fresh  blood  which  has  been  allowed  to  stand  in  a  moist 
chamber  for  from  ten  to  twenty  minutes  and  stained  by  Nocht's 
method,  flagellating  forms  show  marked  resemblance  to  the  com- 
pact bodies  with  six  nuclei  seen  in  specimens  made  from  fresh  blood 
in- the  ordinary  way,  but  those  flagellating  forms  do  not  stain  so  dense- 
ly with  methylene-blue. 

L-ikewise  the  development  of  single  ring-shaped  tertian  para- 
sites may  be  traced  in  the  same  specimens  with  the  others.  As 
these  forms  increase  in  size  they  are  characterized  by  their  hyaline 
appearance  and  tendency  to  stain  lightly  with  methylene-blue,  and 
by  the  comparatively  small  quantity  of  finely  divided  chromatin. 
No  presegmenting  bodies  could  be  found  in  these  cases  which  ap- 
peared to  show  the  characters  of  this  pale  full-grown  parasite,  and 
the  writer  is  not  certain  that  it  ever  segments.  On  the  other  hand, 
the  pale-staining,  often  extra-cellular,  non-flagellating  bodies  seen 
in  blood  from  fifteen  to  twent)'  minutes  after  shedding  show  con- 
siderable resemblance  to  the  pale  forms  derived  from  single  ring- 
shaped  parasites  which  have  not  conjugated. 

These  observations  accord  in  some,  but  not  in  all,  respects  with 
the  descriptions  given  by  Bastianelli  and  Bignami  of  the  tertian 
microgametocytes  and  macrogametocytes  in  the  mosquito's  stom- 
ach. 

According  to  these  observers,  the  microgametocyte,  or  male 
flagellating  form,  exhibits  from  five  to  six  times  as  much  chromatin 
as  the  other.  This  chromatin  may  lie  in  one  central  mass  or  in  a 
network  of  threads,  but  is  always  compact  and  densely  staining. 
It  nearly  always  produces  six  flaggella.  The  macrogametocyte,  or 
female  form,  shows  an  eccentric  nucleus  with  very  scarce  chro- 
matin granules,  and  is  a  very  pale-staining  body.  They  trace  these 
two  forms  indistinctly  in  the  circulating  blood,  as  follows: 

"From  nine  to  six  hours  before  the  chill,  besides  tertian  rosettes, 
there  are  to  be  seen  bodies  of  equal  or  larger  size,  with  a  single  vesi- 
cular nucleus  and  subdivided  chromatin  grains  or  rods  which  lie 
far  apart.  In  bodies  one-third  smaller  than  the  above-described 
forms  similar  rods  and  threads  may  be  seen,  and  it  is  reasonable 
to  suppose  that  the  forms  destined  for  development  in  the  mosquito 
have  from  their  earliest  stages  a  characteristic  form.  In  the  circu- 
lating blood,  however,  these  early  forms  are  not  seen,  because,  as  in 
the  development  of  crescents,  they  are  confined  to  the  marrow." 
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The  writer  has  not  had  opportunity  to  examine  malarial  blood 
from  the  mosquito's  stomach,  but  in  shed  blood  kept  moist  for  fif- 
teen minutes  he  has  seen  the  early  stages  of  the  formation  of  flagella, 
and  finds  such  bodies  to  resemble  in  size,  number  of  chromatin 
masses,  and  general  staining  qualities  the  fully  developed  compact 
form  seen  in  conjugating  specimens. 

That  microgametocytes  and  macrogamctocytes  develop  espe- 
cially in  the  bone  marrow,  as  suggested  by  Bastianelli  and  Bignami, 
may  explain  their  usual  absence  from  the  peripheral  blood,  where 
the  writer  has  seen  the  separate  development  of  the  two  distinct 
forms  of  parasites  in  only  a  very  few  cases.  At  present,  analogy 
with  the  sestivo-autumnal  parasite  is  the  only  evidence  favoring  the 
suggestion  that  the  bisexual  forms  of  the  tertian  parasite  develop 
principally  in  the  bone-marrow,  as  the  opportunity  to  examine  the 
marrow  of  cases  of  tertian  malaria  is,  fortunately,  very  rare. 

In  the  aestivo-autumnal  parasites,  the  bisexual  forms,  the  cres- 
cents, have  for  some  time  been  separated  into  two  classes.  McCal- 
lum  describes  distinct  diflferences  between  the  flagellating  crescent, 
or  male  microgametocyte,  and  the  non-flagellating  female  macro- 
gametocyte  in  the  parasites  of  birds.  Bignami  and  Bastianelli,  as 
also  Celli,  note  several  distinguishing  points  in  the  male  and  female 
crescents  of  the  human  parasite.  According  to  these  observers  the 
microgametocyte  is  smaller,  assumes  the  spheroidal  form,  stains 
lightly  with  methylene-blue,  and  its  nucleus  is  apt  to  be  eccentric 
and  not  to  sliow  a  vesicular  type.  The  macrogametocyte  retains 
the  fusiform  shape,  stains  densely,  and  exhibits  a  central  vesicular 
nucleus  surrounded  by  pigment.  After  fertilization,  the  macro- 
gametocyte stains  still  more  densely,  the  nucleus  may  migrate  to 
one  pole,  and  the  pigment  becomes  disseminated.  All  these  feat- 
ures the  writer  has  found  to  characterize  individual  crescents  in 
circulating  blood,  and  cannot  regard  them  as  indications  of  fertili- 
zation unless  it  is  admitted  that  under  some  conditions  crescents 
may  become  fertilized  in  the  circulating  blood. 

Mannaberg  believes  that  crescents  are  syzygia  developed  by  con- 
jugation of  two  amcEboid  individuals.  Recent  study  of  related  pro- 
tozoa, however,  has  left  little  support  to  such  an  hypothesis.  Cres- 
centic  bodies  in  protozoa  invariably  develop  by  segmentation  of  an 
enc3'Sted  body,  and  the  writer  can  find  no  instance  of  the  develop- 
ment of  a  single  sex-ripe  form  by  conjugation  of  two  individuals. 
At  any  rate,  if  crescents  develop  through  conjugation,  the  process 
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is  of  entirely  different  significance  from  the  present  type  of  conju- 
gation of  tertian  parasites. 

A  natnral  inquiry  relates  to  the  occurrence  of  conjugation 
among  asstivo-autumnal  parasites,  with  which  twinning  of  young 
forms  is  decidedly  more  common  than  with  the  vernal  parasite. 

An  increased  difficulty  in  determining  this  question  is  found  in 
the  disappearance  of  sestivo-autumnal  parasites  from  the  peripheral 
blood  just  at  the  time  when  conjugation  of  forms  might  be  expected 
to  occur.  The  writer  has  already  described  two  forms  of  asstivo- 
autumnal  rings,  but  has  been  unable  to  trace  their  development, 
either  in  smears  of  the  viscera  of  fatal  cases  or  in  the  peripheral 
blood' of  five  cases  in  which  numerous  parasites  of  all  stages  remained 
in  the  peripheral  blood.  During  this  search  for  conjugating  forms,  sev- 
eral examples  of  twinned,  half  or  full  grown, or  segmenting, parasites  in 
the  same  red  cell  were  encountered,  but  they  were  vastly  less  numerous 
than  young  twins.  If  conjugation  occurs  it  probably  lasts  over  a  very 
brief  period  only,  and  can  be  demonstrated  only  in  smears  of  visceral 
blood  where  the  parasites  have  massed  in  large  numbers.  In  a  few 
quartan  specimens  the  writer  has  seen  no  traces  of  either  twinning 
or  conjugation. 

The  Biological  Sigiiiiicaiice  of  Conjugation. — Comparative  biol- 
ogy offers  an  abundant  opportunity  for  the  occurrence  of  conjuga- 
tion of  malarial  parasites.  Of  protozoa,  conjugation  is  most  fre- 
quently observed  among  gregarines,  which  exhibit  at  least  two  types 
of  the  process.  In  one  of  these  types,  one  or  more  embryonal  gre- 
garines attach  themselves  to  the  body  of  a  second  or  third  individual, 
forming  a  short  chain,  much  as  do  certain  bacteria  (Klossia).  In 
this  relation  they  proceed  for  a  variable  time  in  their  development. 
Pfeiffer  refers  to  this  process,  apparently,  as  a  "spurious  conjuga- 
tion," employing  the  term  "embryonal  cohesion"  (embryonale  Vcr- 
klebung).  In  the  second  and  more  important  type,  two  partly  or 
fully  developed  individuals  become  encysted  together,  developing 
sporocytes  and  initiating  a  com])letcly  new  phase  of  existence  in 
the  life  of  the  parasite. 

Pfeiffer  describes  the  gradual  fusion,  first  of  the  bodies,  later  of 
the  nuclei,  of  conjugating  sporozoa.  Wittaczil  also  describes  the 
fusion,  first  of  the  bodies,  later  of  the  nuclei,  of  a  rare  form  of 
gregarine,  and  refers  to  similar  processes  in  other  protozoa.  Wol- 
ters  gives  minute  descriptions  of  conjugation  in  gregarines,  in  which 
complex  nuclear  changes  are  concerned.  In  all  these  cases,  how- 
ev.er,  conjugation  precedes  encystment,  showing  that  this  particular 
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cycle  of  the  parasite  undergoing  conjugation  is  not  homologous 
with  the  pyrogenous  cycle  of  the  malarial  parasite,  which  becomes 
encysted  in  the  mosquito's  stomach  after  fertilization  by  the  tiagel- 
lum,  and  not  after  conjugation. 

On  the  other  hand,  it  is  a  well-recognized  biological  principle, 
stated,  among  recent  authors,  by  Leuckart,  Pfeiffer,  Sedgwick, 
Haeckel,  and  others,  that  conjugation  among  protozoa  may  be  the 
only  sexual  feature  of  reproduction  during  a  limited  number  of  gene- 
rations, after  which  the  reproductive  capacity  ceases  and  must  be 
restored  by  the  development  of  bisexual  forms,  and  usually  by  the 
appearance  of  an  entirely  new  phase  of  existence.  With  the  ma- 
larial parasite,  conjugation  appears  to  fulfill  just  such  a  purpose, 
favoring  the  development  of  the  amoeboid  pyrogenous  forms  of  the 
organism  over  a  few  generations,  after  which  there  is  a  tendency  to 
develop  separate  bisexual  forms,  which,  in  the  mosquito's  stomach, 
initiate  a  new  phase  of  existence  in  a  new  host.  In  this  respect 
malarial  conjugation  must  be  admitted  to  have  the  full  significance 
which  attaches  to  it  in  related  protozoa,  and  cannot  be  classed  as  a 
form  of  embryonal  cohesion  or  of  spurious  conjugation. 

The  spontaneous  disappearance  of  malarial  infections  in  the 
human  subject  may  thus  be  explained  by  the  gradual  failure  to  re- 
produce by  conjugation,  and  the  development  of  parasites  singly 
into  sexual  individuals,  sterile  for  the  human  host,  but  adapted  to 
development  in  the  mosquito.  Such  quiescent  stages  of  related 
infections  are  very  commonly  observed  in  the  blood  of  snakes  and 
birds,  etc.,  which,  for  months,  harbor  with  impunity  countless  num- 
bers of  the  crescentic  bodies  awaiting  transfer  to  a  new  host. 

In  current  literature  on  related  protozoa  there  appears  to  be  no 
reference  to  conjugation  of  individuals  belonging  to  a  cycle  which 
is  homologous  with  the  pyrogenous  cycle  of  the  malarial  parasite. 
This  is  probably  owing  to  the  fact  that  observed  forms  of  the 
coccidia  and  gregarincs  belong  to  the  encysted  cjxle,  which  in  the 
malarial  parasite  occurs  in  the  mosquito,  while  the  other  forms,  if 
they  exist,  have  not  yet  been  described  or  fully  studied. 

The  occurrence  of  conjugation  among  malarial  parasites  estab- 
lishes more  fully  the  parallelism  believed  to  exist  between  the  life 
histories  of  this  and  related  protozoa. 

The  malarial  parasite  may  be  said  to  begin  its  existence,  in  the 
human  host,  by  a  series  of  generations  of  amoeboid  bodies  produced 
after  conjugation  of  partially  differentiated  individuals.  After  the 
capacities  of  this  method  of  reproduction  have  l)een  exhausted,  the 
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sexes  become  separated,  the  male  forms  being  represented  by  the 
flagellating  bodies,  microgametocytes,  and  the  female  by  the  large, 
pale,  hyaline,  non-flagellating  bodies  (macrogametocytes).  These 
forms  are  sterile  for  the  human  host,  but  in  the  mosquito  fertilization 
of  the  macrogametocyte  by  the  flagellum  or  microgamete  takes 
place,  and  the  resulting  motile  form,  the  vermiculus,  penetrates  the 
tissues  of  the  mosquito  and  becomes  encysted.  From  this  cyst 
develop  the  germinal  rods  which  are  inoculated  into  the  human  host 
through  the  salivary  glands  of  the  mosquito,  to  begin  anew  the 
pyrogenous  or  amceboid  cycle.  At  several  points  in  the  series  there 
remain  wide  gaps  in  our  knowledge.  We  do  not  yet  know  how 
the  germinal  rods  are  transformed  into  amcEboid  bodies.  The  de- 
velopment of  the  sexual  forms  of  the  tertian  parasite,  as  described 
by  the  writer,  can  at  present  only  be  offered  as  a  probability,  not  as  a 
demonstrated  fact,  while  the  origin  of  aestivo-autumnal  crescents  is 
at  yet  entirely  obscure.  At  the  other  end  of  the  series  there  is 
possibly  an  entire  new  phase  of  development  of  the  parasite  or  the 
production  of  some  "resistant  body"  in  the  external  world  apart  from 
either  man  or  mosquito.  The  present  paper  need  not,  however, 
be  burdened  with  the  obscurity  of  these  related  problems,  as  its 
object  is  merely  to  present  the  evidence,  which  is  believed  to  be 
demonstrative,  of  the  occurrence  and  significance  of  malarial  con- 
jugation. 
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A  CASE  OF  MALARIAL  NEPHRITIS,  WITH  MASSING  OF 
PARASITES  IN    THE   KIDNEY.' 

By  James  Ewing,  A.M.,  M.D., 

PROFESSOR   OF  PATHOLOGY,   CORNELL  UNIVERSITY  MEDICAL    COLLEGE,    NEW   YORK   CITY. 


The  frequent  occurrence  of  renal  lesions  in  malarial  fever  was 
described  long  before  the  discovery  of  the  malarial  parasite,  and  has 
been  very  constantly  recognized  throughout  the  progress  of  our  knowl- 
edge of  the  disease. 

Owing  to  the  studies  of  Rempicci  in  Italy  and  of  Thayer  iu  America 
it  is  unnecessary  to  again  review  in  detail  the  contributions  of  the 
various  observers  in  this  important  field.  On  the  evidence  collected 
and  largely  contriluited  by  these  two  writers  one  may  now  state  with 
confidence  that  albuminuria  is  nearly  constantly  present  in  pernicious 
sestivo-autumual  infections  and  is  frequently  observed  in  the  milder 
tertian  cases.  Of  greater  interest  and  importance  are  the  rather 
numerous  records  of  distinct  signs  of  an  acute  exudative  process  in  the 
kidneys,  usually  in  festivo-autumnal  cases,  less  often  in  tertian  infec- 
tions, and  consisting  in  the  presence  in  the  urine  of  epithelial  and 
granular  casts,  many  blood  cells,  as  well  as  considerable  albumin. 
Although  the  milder  changes  in  the  urine  may  develop,  according  to 
Rempicci,  either  during  or  shortly  after  the  acute  attack,  it  would  seem 
that  the  more  severe  urinary  signs  can  be  safely  attributed  to  the 
malarial  infection  only  when  arising  in  the  course  of  a  pronounced 
acute  seizure. 

Recover}'  hiis  usually  followed  the  acute  .symptoms,  but  Kelsch  and 
Kiener,  Laveran,  Marchiafava  and  Bignami,  Rempicci,  and  Thayer 
liave  described  various  types  of  chronic  nephritis  occurring  in  long- 
established  or  chronic  cases  of  malaria,  while  Kelsch  and  Kiener  state 
that  the  chronic  nephritis  of  malaria  is  distinguished  from  other  types 
by  the  prominence  of  hemorrhages  and  the  comparative  absence  of 
fatty  and  hyaline  degeneration  and  of  arterial  changes. 

The  acute  nephritis  of  malaria  is  almost  never  immediately  fatal,  so 
that  the  pathologist  must  speak  with  reserve  regarding  the  origin  and 
significance  of  many  of  the  cases  of  exudative  nephritis  commonly 
attributed  to  malaria.  In  view  of  the  frequent  clinical  reports  of  the 
l)resence  of  considerable  albumin,  many  casts,  and  of  blood  cells  iu  the 
urine,  and  less  often  of  redema  and  mild  ursemic  signs  in  the  disease,  it 
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seems  certain  that  during  severe  malarial  infection  a  true  exudative 
nephritis  is  sometimes  excited.  Even  in  the  absence  of  pathological 
examination  of  the  kidneys  these  symptoms  maj'  with  some  confidence 
be  referred  to  congestion  of  vessels,  acute  degeneration  of  cells,  and 
exudation  of  serum  and  diapedesis  of  red  cells  from  the  bloodvessels,  all 
dependent  upon  the  action  of  the  malarial  toxin  upon  the  renal  tissue. 

Coming,  now,  to  the  fatal  cases  of  pernicious  malaria  in  which  there 
has  been  a  microscopical  examination  of  the  kidney,  the  conditions 
found  in  this  organ  in  all  except  h:emoglobinuric  cases  have  been  very 
uniform.  The  l&;ions  observed  have  been  those  of  a  severe  acute  degen- 
eration of  the  cortical  tubule  cells,  with  moderate  exudation  of  albumin 
into  the  tubules  and  glomeruli. 

The  chief  contributions  in  this  field  have  come  from  Guarnieri, 
Marchiafava  and  Bignami,  ]\Ionti,  Ba.<tianelli,  Barker,  and  Benevenuti. 
In  all  of  the  reports  of  these  observers  the  nephritis  has  l)een  clearly  of 
toxic  origin,  while  the  number  of  parasites  found  in  the  kidney  has  been 
small,  although  they  were  usually  very  numerous  in  other  tissues.  The 
single  exception  to  this  rule  is  found  in  one  of  Barker's  cases,  in  which 
death  and  probably  the  recent  changes  in  the  kidneys  were  principally 
referable  to  general  infection  by  streptococcus  pyogenes  Here  the 
renal  capillaries  were  frequently  thrombosed  by  masses  of  streptococci 
and  large  numbers  of  tertian  parasites.  This  ca,se  cannot,  therefore,  be 
regarded  as  one  of  malarial  nephritis,  but  rather  as  an  example  of 
pyremia  or  septic?eraia  terminating  the  usual  benign  course  of  a  tertian 
malarial  infection. 

The  invariable  freedom  of  the  kidney  from  localization  of  parasites  in 
pernicious  cases  cannot  be  attributed  to  the  piiagocytic  powers  of  this 
organ,  which  enjoys  only  a  moderate  capacity  to  destroy  parasites. 
Guarnieri,  who  noted  the  small  number  of  parasites  in  the  kidneys  of 
his  and  other  cases,  referred  this  comparative  immunity  to  the  rapid 
circulation  of  the  organ. 

The  examination  of  the  records  of  microscopical  examinations  of  the 
kidneys  in  malarial  fever  fully  warrants  the  latest  conclusions  of 
Marchiafava  and  Bignami  regarding  the  origin  of  the  renal  changes  in 
pernicious  malaria,  which  are  as  follows,  quoting  from  their  article  in 
the  Twentieth  Century  Practice  : 

"As  to  the  pathogenesis  of  the  renal  lesions  in  malarial  infections, 
we  arc  at  present  able  only  to  form  theories.  The  knowledge  of  the 
parasite  has  so  far  thrown  no  light  on  the  pathogenesis  of  the  nephritis. 
In  pernicious  infections  very  few  parasites  are  found  in  the  kidneys 
even  when  the  changes  in  the  epithelium  may  be  so  grave  as  to  lead  to 
necrosis.  From  this  fact  we  may  infer  that  the  lesions  are  due  not  to 
a  localization  of  parasites  in  the  renal  capillaries,  but  to  some  toxic 
substance  eliminated  by  the  kidnevs." 


MALARIAL    NEPHRITIS. 


My  owa  experience  in  the  examination  of  fourteen  fatal  cases  of 
malaria,  seen  mostly  at  Moutauk  in  1898,  fnlly  accorded  with  the  above 
conclusion,  as  I  fouud,  usually,  extensive  degenerative  changes  in  the 
kidney,  once  the  lesions  of  haemoglobinuric  malaria,  but  comparatively 
few  or  no  parasites  in  the  renal  vessels.  The  present  case,  recently 
encountered,  developing  in  the  vicinity  of  New  York,  showing  the 
clinical  symptoms  of  acute  hemorrhagic  nephritis,  with  partial  suppres- 
sion of  urine,  aud  giving  clear  microscopical  evidence  of  extreme  mass- 
ing of  parasites  in  the  kidney,  with  various  mechanical  lesions  resulting 
from  their  presence,  seems  to  require  a  reversal  of  the  above  conclu.sion, 
aud  appears  to  show  that  malarial  nephritis  may  be  caused  principally 
or  In  large  part  by  the  presence  of  an  excessive  number  of  parasites  in 
the  renal  capillaries. 
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Clinical  Hidory.  The  patient  was  a  friendless  girl,  aged  seventeen 
years,  a  Slav,  who  had  been  in  America  one  year.  She  had  enjoyed 
good  health  until  going  as  a  servant  to  College  Point,  Long  Island,  in 
July,  1900.  She  was  discharged  early  in  September  on  account  of  an 
alleged  "  inability  to  work,"  and  this  fact,  together  with  a  distinct 
pallor  and  slight  jaundice,  noted  on  her  return  to  the  city,  indicate  that 
she  had  suffered  for  some  weeks  from  malaria  contracted  on  Long  Island. 
On  September  12th  she  was  taken  acutely  ill,  with  chills  and  fever,  and, 
being  without  the  help  of  a  physician,  she  became  steadily  worse  until 
brought  by  an  ambulance  to  the  hospital,  on  September  17th. 

On  admission  the  patient  was  well  nourished  ;  tongue  moist,  slightly 
coated,  prostration  marked.  Physical  examination  of  lungs,  heart,  and 
liver  was  negative.  The  area  of  splenic  dulness  was  enlarged,  but  the 
organ  was  not  palpable.  There  was  slight  cedenia  of  the  legs.  The 
urine,  voided  naturally  in  moderate  quantity,  was  described  as  of  high 
color,  clear,  acid  in  reaction  ;  specific  gravity,  1018  :  urea,  two  and 
one-half  grains  to  the  ounce  ;  albumin,  2  per  cent,  by  volume  ;  sugar 
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absent.  Microscopically  there  were  note<l :  epithelial  cells,  many  red 
blood  cells,  and  amorphous  urates  ;  diazo  reaction  marked.  Tempera- 
ture, 104.2'  ;  jjulse,  f*8.  On  September  18th  there  was  vomiting  of 
food  and  medicines  ;  constipation  relieved  by  enemas ;  and  retention  of 
urine  with  marked  diminution  in  its  quantity,  which  continued  until 
death.  Delirium  developed  on  September  19th,  and  was  controlled  by 
morphine,  sulphonal,  and  choralamid,  given  at  intervals,  on  the  19th 
and  2()th.  On  the  19th  she  vomited  a  round  worm  and  was  given  at 
intervals  three  doses  of  santonin,  three,  five,  and  fifteen  grains,  without 
any  change  being  noted  in  the  urine,  stools,  or  conjunctiva.  Delirium 
continued  on  the  20th,  and,  the  pulse  failing  steadily,  she  became 
comatose  and  died  at  9  p.m.  The  four-hourly  temperature-chart  is  ap- 
pended.   The  clinical  diagnosis  was  typhoid  fever,  with  acute  nephritis. 

Autopsy,  by  Dr.  Otto  Schultze,  thirteen  houi"s  after  death.  Body 
well  nourished  ;  rigor  well  marked.  Heart  normal.  An  ounce  of 
straw-colored  fluid  in  pericardium.  A  few  ecchymoses  in  visceral  peri- 
cardium, fyiiiigs :  Few  old  pleural  adhesions.  A  few  ecchymoses  in 
visceral  pleura.  Liver  appeared  normal.  PuncreaK  normal.  Stomach 
normal.  Ileum  congested,  solitary  follicles  moderately  swollen.  Colon 
congested.  .Spleen  much  enlarged.  Weight,  sixteen  ounces  ;  consistence 
firm  ;  Malpighian  bodies  prominent ;  pulp  dark  red.  Kidneys  together 
weighed  sixteen  ounces ;  consistence  reduced  ;  capsule  free  ;  cortex 
remarkably  light  in  color  ;  medulla  and  papillje  extremely  dark,  and 
slightly  rust-colored  ;  cortical  markings  entirely  obscured.  In  the 
cortex  of  the  right  kidney  there  is  a  superficial  an;emic  infarct  with 
surrounding  hemorrhagic  zone.  Tiiis  infarct  measures  3^x2  cm.  in 
area,  and  2  mm.  in  depth. 

Anatomical  Diagnosis.  Acute  hemorrhagic  nephritis.  There  wa.s 
still  no  suspicion  of  malarial  infection.  Cultures  of  liver,  spleen,  and 
kidney  yielded  bacillus  eoli  and  putrefactive  species. 

Through  a  misunderstanding,  all  the  viscera,  except  the  kidneys,  were 
thrown  away.  The  kidneys  were  hardened  in  o  per  cent,  formalin  and 
examined  microscopically. 

Microscopical  Examination  of  Kidneys.  After  the  malarial  infection 
was  suspected,  on  account  of  the  peculiar  pigmentation  of  the  glomeruli 
and  straight  vessels,  thin  sections  cut  in  celloidin  and  paraffin  were 
stained  most  successfully  by  Nocht's  method,  as  employed  for  blood 
smears.  This  was  the  only  method  by  which  I  could  secure  a  blue  color 
in  the  bodies  of  parasites  lying  in  red  cells  stained  deeply  by  eosiu. 
For  this  purpose  sections  remained  in  the  dye  for  twenty-four  hours, 
and  were  then  slightly  decolorized  in  alcohol,  and  cleared  in  oil  of 
cajuput.  The  chromatin,  however,  was  not  stained.  The  changes  de- 
monstrated by  this  and  other  methods  were  of  a  most  remarkable  ty])e. 

The  lining  cells  of  the  convoluted  tubules  were  almost  entirely  de- 
stroyed, not  by  erosion,  but  by  extreme  swelling  and  degeneration, 
apparently  of  hydropic  type.     (Fig.  1.) 

These  tubules  were  thereby  distended  and  uniformly  filled  by  an 
indiscriminate  mass  of  vacuolated  cell  detritus  in  which  pyknotic  nuclei 
were  irregularly  .scattered.  All  the  cortical  tubules  were  about  uniformly 
affected.  The  glomeruli  contained  a  moderate  number  of  pigmented 
cells  and  a  few  parasites  within  the  capillaries,  while  the  capsules  were 
distended  by  granular  coagulum.  The  small  cortical  vessels  were  almost 
invariably  collapsed,  and  to  this  perfectly  bloodless  condition  must  be 
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ascribed  the  whitish  color  visible  in  the  gross.  Occasionally  a  capillary 
was  foiuiil  distended  with  a  mass  of  pigmented  parasites. 

In  the  medulla  the  lining  cells  of  all  tubules  were  markedly  eroded. 
In  this  region  most  of  the  capillaries  were  filled,  and  many  were  dis- 
tended with  mas.ses  of  infected  red  cells  and  pigmented  parasites  which 
had  nearly  destroyed  the  red  cells.  (Fig.  2.)  Many  of  the  distended 
capillaries  were  ruptured,  and  the  tissue  was  studdeil  with  miliary  hem- 
orrhages, about  some  of  which  a  few  leucocytes,  mostly  mononuclear, 
were  gathereil.  The  i)arasites  were  of  small  and  very  uniform  size,  but 
richly  pigmented.  They  were  identical  in  appearance  with  the  full- 
grown  forms  of  the  jestivo-autumnal  para.sites  seen  iu  sections  of  tissue 
of  other  cases  in  which  these  parasite.s  were  identified  in  the  blood  dur- 
ing life.  Very  few  rings  or  rosettes  could  be  discovere<i,  so  that  the  brood 
was  unusually  compact.  (Fig.  3.)  Their  numl)ers  and  com])act  massing 
were  similar  to  what  I  have  seen  in  other  fatal  cases  in  which  the  para- 
sites were  massed  in  the  brain,  heart  muscle,  or  bone-marrow.  The  dis- 
charging tubules  were  distended  with  casts,  usually  coarsely  granular, 
sometimes  entangling  infected  red  colls  and  pigmented  leucocytes. 
Some  infected  red  cells  lay  free  in  the  lowest  discharging  tubules. 

The  infarcted  area  in  the  right  kidney  was  in  an  early  stage  of 
coagulation  necro.sis.  All  the  capillaries  about  this  area  and  many 
within  it  were  distended  with  blood  cells,  most  of  which  contained  para- 
sites and  pigment.  ^lany  of  the  vessels  leading  to  this  area  were  dis- 
tended to  two  or  three  times  their  natural  calibre  by  thrombi  of  infected 
red  cells.  The  infarction  is  clearly  referable  to  the  plugging  of  small 
vessels,  mostly  cai)illaries,  by  thrombi  of  infected  red  cells.  The  number 
of  parasites  in  this  cortical  zone  and  throughout  this  section  of  the 
medulla  was  greater  than  I  have  ever  seen  in  any  other  tissue. 

The  following  .lumiwiry  presents  the  lesions  observed  in  the  kidneys : 
Extreme  and  [leculiar  degeneration  of  lining  cells  of  all  cortical  tubules. 
Distention  of  capsules  of  glomeruli  by  granular  albuminous  coagu- 
lum.  Occlusion  of  most  cortical  capillaries  by  the  distended  tubules. 
Large  superficial  red  and  white  infarction,  from  occlusion  of  vessels  by 
thrombi  of  infected  red  cells.  Numerous  miliary  hemorrhages,  from 
rupture  of  distended  capillaries.  Distention  of  nearly  all  capillaries  in 
medulla  and  ])apill;e  by  infected  red  cells  and  parasites.  Casts  in  dis- 
charging tubules,  consisting  usually  of  coarsely  granular  material,  but 
sometimes  entangling  infected  red  cells  and  pigmented  leucocytes. 

Epicritical.  The  following  questions  arise  concerning  tlie  signifi- 
cance of  the  above  findings  : 

1.  Is  it  possible  to  draw  any  conclusions  regarding  the  significance 
of  the  renal  lesions  on  account  of  the  failure  to  examine  the  other 
viscera  microscopically  ? 

2.  Is  the  present  case  a  true  example  of  massing  of  aestivo-autumual 
parasites  in  the  kidney  comparable  to  the  cases  in  which  they  have  been 
found  massed  in  the  brain  in  comatose  cases,  in  the  gastro-intestinal 
tract  in  choleraic  cases,  iu  the  heart  muscle  in  cardiac  cases,  or  iu  the 
marrow  as  observed  in  a  case  of  pernicious  anremia  ? 

3.  What  is  the  origin  of  the  extreme  degeneration  of  the  cortical 
tubules  ? 


E  W I  N  G  :      M  A  L  A  R  I  A  L     N  E  !•  H  K  1  T  I  S.  I 

1.  To  the  first  question  there  can  be  no  hesitation  in  answering  that 
the  renal  lesions  are  in  themselves  sufficiently  distinct  to  stand  as  the 
chief  feature  of  the  case.  Doubtless  there  were  many  parasites  in  the 
other  viscera,  but  where  pigmented  parasites  are  extensively  massed  in 
any  tissue  gross  evidence  of  their  prasence  may  be  detected  in  the  exces- 
sive pigmentation  aud  extreme  blood  content  of  that  tissue.  No  such 
evidence  being  present  in  the  gross  appearance  of  any  other  viscus,  it  is 
safe  to  conclude  not  only  that  the  kidney  contained  an  excessive  pro- 
portion of  parasites,  but  that  they  were  not  excessively  numerous  in 
any  other  locality.  The  clinical  features  of  the  case  also  support  this 
belief. 

2.  It  is  equally  clear  that  the  case  is  one  of  true  malarial  nephritis 
in  which  a  peculiar  hemorrhagic  character  of  the  lesion  is  referable  to 
the  mechanical  effects  of  massing  of  parasites  in  the  renal  tissue.  This 
lesion  is  not  to  be  classed  with  the  usual  type  of  renal  lesion  in  malaria, 
which  is  an  acute  degeneration  referable  to  the  general  toxsemia  of  the 
disease,  and  in  which  comparatively  few  parasites  have  heretofore  been 
found  in  the  kidney.  Enormous  numbers  of  parasites  in  the  capillaries, 
thrombosis  of  many  vessels,  and  multiple  hemorrhages  are  the  specific 
lesions  observed  when  the  parasites  have  been  massed  in  the  brain, 
gastro-intestinal  tract,  heart  muscle,  and  marrow. 

3.  The  extreme  degeneration  of  the  cortical  tubules  seems  also  to  be 
a  .somewhat  peculiar  feature  of  the  present  case.  In  the  reported  cases 
of  malarial  nephritis  of  purely  toxic  origin  the  degeneration  of  tubule 
cells  has  often  been  extreme,  but  it  has  always  been  of  a  different  type 
from  chat  described  above.  In  fourteen  cases  which  I  have  examined 
the  degenerative  changes  have  always  been  much  less  advanced  and  of 
a  different  type  from  those  of  the  present  case.  Although  much  of  the 
change  in  the  tubule  cells  was  doubtless  owing  to  the  general  toxasmia 
of  the  disease,  I  am  inclined  to  refer  the  peculiar  character  of  the  process 
and  its  extreme  degree  to  the  presence  of  so  many  parasites  in  the 
tissues  acting  principally  through  obstruction  of  the  circulation. 

Finally,  it  is  important  to  consider  the  possibilities  of  diagnosis  dur- 
ing life  of  this  type  of  malarial  nephritis.  From  the  clinical  examina- 
tion of  the  urine  and  the  microscopical  appearance  of  the  discharging 
tubules  in  the  kidney  it  seems  probable  that  a  diagnosis  of  this  type  of 
malarial  nephritis  may  be  establi-shed  during  life  on  the  following  evi- 
dence, to  be  obtained  from  the  urine.  Partial  or  complete  suppression 
of  urine  ;  considerable  admixture  of  intact  red  cells  ;  a  considerable  pro- 
I)ortion  of  albumin;  the  presence  of  many  coarsely  granular,  epithelial, 
and  some  blood  casts ;  the  presence  of  injected  red  cells,  both  free  and 
adherent  to  casts,  and  of  pigmented  leucocytes  adherent  to  casts. 

The  present  case,  while  demonstrating  the  existence  of  a  specific  type 
of  malarial  nephritis,  yields  no  new  indication  why  the  a-stivo-autumnal 
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parasite  selects  certain  viscera  for  its  chief  attack,  and  demonstrates  no 
new  character  in  the  pathogenic  action  of  this  protozoon. 

There  is  no  known  reason  why  the  bronchopulmonary  mucosa,  or 
that  of  the  colon,  or  the  serous  membranes,  or  the  skeletal  muscles,  should 
not  suffer  in  the  same  way  as  do  the  brain,  the  gastro- intestinal  mucosa, 
the  heart  muscle,  and  the  marrow.  The  kidney  may  be  specially 
exempt  on  account  of  its  rapid  circulation,  as  suggested  by  Guarnieri, 
but  apparently  it  does  not  always  escape.  The  actively  phagocytic 
viscera,  the  liver,  and  spleen,  seem  capable  of  rapidly  destroying  the 
enormous  influx  of  parasites  which  frequently  reaches  their  capillary 
sj'stems.  Yet  the  lymphoid  marrow,  with  ils  more  complex  circulation, 
is  known  to  be  less  resistant  than  the  spleen  and  lym[)h  nodes. 

These  two  factors,  however — rapid  arterial  circulation  and  active 
phagocytic  powers — seem  to  be  the  only  qualities  which  can  preserve  a 
tissue  from  occasional  overwhelming  growth  of  the  a?stivo-autumnal 
parasite. 

Microscopical  examination  of  the  kidneys  of  fatal  eases  of  malaria 
has,  then,  yielded  evidence  of  three  main  types  of  acute  renal  lesions 
occurring  in  this  disease. 

1.  Acute  degeneration  of  toxic  origin,  often  reaching  a  degree  in 
which  exudation  of  blood  serum  into  the  tubules  is  added.  This  lesion  is 
responsible  for  the  v:ist  majority  of  the  cases  of  albuminuria  in  malaria. 

2.  An  extreme  form  of  acute  degeneration,  with  focal  necroses, 
numerous  hemorrhages,  and  exudation  into  the  tubules  of  blood  serum 
and  blood  pigments.  This  lesion  is  seen  in  cases  of  ha;moglobinuric 
malarial  fever,  and  it  has  not  yet  been  found  associated  with  an  exces- 
sive number  of  parasites  in  the  capillary  vessels. 

3.  Massing  of  parasites  in  the  renal  capillaries,  with  extreme  degenera- 
tion of  parenchyma  cells,  multiple  hemorrhages,  and  exudation  of  blood 
serum  into  the  tubules.  It  seems  certain  that  this  type  of  lesion  can 
occur  only  in  severe  aistivo-autumnal  infections. 

There  is  anatomical  evidence  that  in  the  pernicious  ststivo-autumnal 
cases  the  three  types  of  lesions  may  be  variously  combined,  but  no  good 
reason  for  believing  that  with  the  benign  tertian  infection  occurring  in 
this  latitude  any  other  than  the  first  type  can  exist. 
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GIANT  CELLS.' 
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LTXDER  ordinary  conditions  cell.s  divide  by  the  well-known 
I  mitotic  processes,  and  this  applies  to  those  of  the  lower  or- 
J  ganisms  as  well  as  of  the  highest:  the  notion,  previously 
held,  that  amitotic  represents  the  primitive  method,  and  mitotic  a  later 
improvement  on  this,  being  now  abandoned.  Amitotic  division  is  com- 
paratively uncommon,  and  its  occurrence  is,  by  most  authorities,  held 
to  be  an  indication  of  approach  to  degeneration :  the  resulting  tissue 
being  short-lived,  although  for  a  time  the  increase  in  numbers  of  the 
cells  may  be  extremely  rapid. 

Physiologicallv  amitotic  cell-division  has  been  observed  to  occur 
in  the  ovarian  follicle  cells  of  certain  insects  and  crustaceans  by 
Korschelt  and  Carnoy,  whilst  vom  Rath  (1893)  has  noticed  it  in  the 
supnorting  cells  of  the  testis,  but  never  in  the  spermatogonia  of  ver- 
tebrates, moUusks,  and  anthropods.  Meves  (1894)  differs  from  vom 
Rath  and  claims  to  have  found  amitoses  in  the  spermatogonia  of  the 
salamander:  this,  however,  occurring  but  seldom,  and  chiefly  in  the 
colder  months,  so  that  it  seems  quite  probable  that  the  resulting  cells 
are  not  active  sparmatozoa. 

'Photogr.iphs  taken  by  B.  H.  Bu.xton,  M.D.,  at  the  Loomis  Laboratory.  Cor- 
nell Medical  College,  New  York,  from  original  specimens  prepared  at  the  General 
Memorial  Hospital.  A  Powell  and  Lealand  ^.(-inch  oil  immersion  was  used  for 
the  magnifications  of  250  diameters,  and  for  that  of  700  diameters  a  Spencer  '/,„ 
inch  bnim-naphthalin  immersion.  Reproduced  in  Alberttype  by  the  Alberttvpe 
Co.  of  Brooklyn,  N.  Y. 
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In  tlicse  instances  the  cells  are  transient  in  nature,  and  only  for  a 
comparatively  short  time  perform  their  special  functions. 

Patlwhcjcal. — Leucocytes  increase  normally  by  mitosis,  but  in 
inflammatory  processes,  where  they  are  suddenly  required  in  immense 
numbers  for  a  temporary  purpose,  they  increase  amitotically.  Their 
functions  under  these  circumstances  appear  to  be  to  break  down  inter- 
cellular substances,  neutralize  toxines  and  other  poisons,  by  means  of 
their  secretions,  and  finally  to  carry  off  debris  by  means  of  their  phago- 
cytic properties.  Having  done  this  and  cleared  the  way  for  the  regen- 
erative cells,  they  die  and  are  absorbed. 

It  appears  that  cells  may  occasionally  divide  amitotically  for  a  time 
and  then  resume  mitosis.  Preusse  (i8<)5)  considers  this  to  be  the  case 
it;  the  cells  of  certain  insect  ovaries,  whilst  PfeiTer  (1899)  shows  that 
"if  spirogyra  be  placed  in  water  containing  ¥2  to  i  per  cent,  of  ether, 
active  growth  and  cell  division  occur,  but  only  amitotically.  If,  how- 
ever, the  plant  be  replaced  in  pure  water,  mitotic  division  is  resumed, 
and  normal  growth  continues."  Wilson  (1900)  from  whom  this  is 
quoted,  concludes  that  amitosis  does  not  necessarily  mean  the  approach 
of  degeneration,  at  any  rate  in  the  lower  forms  of  life,  but  only  a  special 
condition,  though  a  fairer  inference  would  seem  to  be  that  the  tendency 
to  degeneration  ha.s  not  proceeded  so  far  that  it  cannot  be  recovered 
from  on  a  return  to  normal  conditions.  The  experiment  seems  to  con- 
firm the  degeneration  hypothesis  rather  than  to  render  it  doubtful. 

Some  steps  nearer  to  the  approach  of  degeneration  are  those  cases 
where  amitotic  nuclear  division  is  not  followed  by  cell-division ;  the 
resulting  tissue  consisting  of  a  continuous  protoplasmic  mass  or  syn- 
cytium, containing  numerous  nuclei. 

Physiologically,  we  find  such  a  tissue  in  the  syncytium  of  the  embry- 
onic chorion  villi.  It  is  not  yet  determined  if  this  syncytium  is  of  ma- 
ternal or  fetal  origin,  Kossmann  and  Pels-Leusden  (1897)  being  the 
chief  upholders  of  the  former  view,  whilst  Marchand  (1898),  AschofT 
(1898),  and  Minot  incline  toward  the  latter.  \Miatever  its  origin,  how- 
ever, it  is  beyond  dispute  that  the  syncytium  of  the  chorion  forms  the 
line  of  demarcation  between  mother  and  fetus,  so  that  all  the  nourish- 
ment and  oxygen  received  by  the  latter  has  to  pass  through  the  syn- 
cytia', layer.  It  is,  therefore,  essential  that  this  increase  very  rapidly, 
so  as  to  quickly  afford  an  extended  surface,  and  since  it  is  only  required 
for  a  short  period  of  time  it  is  immaterial  if  it  contain  the  elements 
of  early  decay.  The  nuclei  therefore  divide  amitotically  with  great 
rapidity,  and  the  whole  structure  is  in  a  condition  of  degeneration  at 
the  time  of  parturition.  It  is  doubtful  if  any  part  of  the  syncytium 
actually  lives  during  the  whole  nine  months  of  gestation,  since  it  seems, 
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according  to  ^Finot,  to  be  in  a  constant  state  of  dcca_\-  and  renewal.  It 
is  not  improbable  that  the  syncytium  is  also  of  use  in  providing  a  con- 
tinuous protoplasm.ic  surface  for  absorption  instead  of  one  with  a  series 
of  breaks  and  consequent  possible  leakage. 

Pathologiccil. — In  a  very  interesting  article  by  Loeb  (1897)  on  re- 
generation of  the  epidermis,  he  shows  that  this  is  efTected  in  what  may 
be  termed  a  duplicate  fashion.  In  the  first  place  the  upper  layers  of 
the  rete  Malpighii  around  the  margins  of  the  denuded  surface  began  to 
proliferate.  Their  nuclei  divide  amiototically  and  this  is  not  followed 
at  once  by  cell  division,  though  it  occurs  imperfectly  later  on.  At 
first  a  syncytium  is  formed  which  rapidly  covers  the  surface  of  the 
wound,  but  this  is  only  a  temporary  covering,  being  gradually  replaced 
from,  below  by  cells  derived  from  the  basal  layer,  which  divide  in  the 
ordinary  way  by  mitosis,  and  by  means  of  which  a  fresh  permanen' 
layer  of  epidermis  is  formed.  Here  again  we  have  amitotic  nuclear 
ilivision  and  formation  of  a  syncytium  w'here  rapid  growth  is  essen- 
tial without,  however,  any  necessity  for  permanence.  Loeb's  views 
are  certainly  not  generally  accepted,  but  he  appears  to  have  made  a 
more  careful  study  of  the  process  than  most  observers. 

Coming  now  to  the  subject-matter  of  the  article — giant  cells — we 
find  that  in  tiicir  early  stages,  whilst  the  nuclei  are  still  few  in  number 
these  may  divide  mitotically  (Goldman,  Baumgarten,  Manasse), 
though  the  mitoses  are  apt  to  be  multipolar  and  otherwise  irregular. 
Cjther  observers  (Marchand,  Von  Bungner,  Welcker)  could  find  none 
even  in  early  stages.  AJl  agree,  however,  that  later  on,  when  the 
nuclei  become  more  numerous,  and  the  giant  cell,  as  such,  is  formed, 
division  takes  place  amitotically  only.  This  tiuclear  division  not  being 
followed  by  cell  division  it  is  evident  that  multinuclear  giant  cells  must 
be  looked  upon  as  essentially  syncytial  in  nature,  and  as  containing  in 
themselves  the  elements  of  early  decay.  It  is  true  that  giant  cells  do 
not  show  the  rapid  growth  so  characteristic  of  the  syncytia  already 
mentioned,  but  Henneguy  (i8q6),  following  Herbert  Spencer,  clearly 
shows  that  where  cells  retain  their  original  spherical  or  polyhedral 
shape,  with  increase  in  bulk,  the  ratio  of  surface  to  cell  contents  de- 
creases by  geometrical  progression,  and  that  such  cells  become  less 
active  and  capable  of  division  as  they  grow  larger.  Pie  compares 
bacteria  with  amebse. 

In  the  syncytia  of  the  chorion  and  regeneration  of  epidermis  the 
lateral  growth  enables  the  usual  proportion  between  surface  and  cell 
contents  to  be  maintained,  so  that  rapid  increase  is  possible,  whilst 
giant  cells  being,  no  doubt,  prevented  by  the  surrounding  tissue  from 
spreading  laterally,  retain  practically  their  original  shape,  so  are  slow 
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of  growth  and  limited  in  size.  'J"hc  ])roli)ngations  tlicv  often  cxhil)it 
may  perhaps  be  t;iken  as  representnig;  attempts  to  attain  an  increase  of 
surface. 

Although  some  observers  (von  Rindfleisch,  1894)  have  maintained 
that  giant  cells  occurring  in  chronic  inflammatory  processes,  etc..  may 
become  organized  and  help  to  form  scar  tissue,  yet  the  balance  of 
opinion  is  adverse  to  any  such  views,  and  it  is  generally  held  that  a 
giant  cell,  whether  physiological  or  pathological,  is  a  giant  cell,  that  it 
lives  for  a  time  as  such,  and  as  such  it  dies. 

It  appears,  however,  that  in  an  early  stage  the  growth  of  giant  cells 
may  become  arrested:  they  may  break  up  into  cells  resembling  the 
parent  cells,  ^md  resume  their  normal  career.  Once,  however,  the 
nuclei  have  begun  to  divide  amitotically  there  is  no  return  possible. 
There  seems  to  be  some  analogy  between  this,  and  the  results  obtained 
in  the  spirogyra  experiments. 

The  disposition  of  the  nuclei  in  giant  cells  varies,  and  may  be  con- 
sidered to  fail  into  two  groups,  between  which,  however,  no  hard  and 
last  lint  can  be  drawn. 

1.  Myeloid  Type. — The  nuclei  are  grouped  centrally  or  irregularly 
distributed.  Typical  in  cases  where  inert,  indigestible  material  is  pres- 
ent.    May  be  physiological  or  pathological. 

2.  Langhuns  Type. — The  nuclei  are  grouped  at  the  periphery  of  the 
cell :  either  all  round  the  margin,  or  at  one  of  the  poles.  Typical  in 
chronic  inflammatory  iMoce.'^ses.     Always  pathological. 

On  consultation  of  the  literature  pertaining  to  the  subject  of  giant 
cells.  e.->pecially  so  tar  as  it  relates  to  those  found  in  tuberculosis,  which 
may  be  taken  as  typical  of  all  slowly  progressive  mycotic  inflammations 
In  which  giant  cells  are  formed,  we  find  opinions  greatly  divided;  the 
following  table  representing  the  extreme  views  on  either  side,  which 
generally  speaking,  may  be  called  those  of  the  French  school  and  of 
the  German  school. 

progress   of  Tuberculous   Infection   in   Regard  to   the  Formation   of 
Giant  Cells. 

Frf.vcii   School.  Gkrm.w  School. 

MelthnikoflF,  Borrel,  etc.  Weigert.  Afarchand,  etc. 

T.  Invasion  of  small  mono-  and  polynuclear  leucocytes,  which  are: 
phagocytic.  not  phagocytic. 

2.  Advent  of  larger  mononuclear  formative  cells :     ' 
Of  leucocytic  origin.  of  connective  tissue  or  endothe- 

lial oriefin. 
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3.  Which  form  giant  cells ; 

by   grouping   themselves    around  by  amitotic  nuclear  (livis'on  of  a 

masses    of    bacilli,    and     fusing.  single  cell. 

Ko  nuclear  division. 

4.  The  giant  cells  have 

ameboicl  movements.  no  ameboid  movements. 

5.  They  are 

phagocytic.  not  ]ihagocytic. 

6.  The  protoplasm  of  those  parts  of  the  cell  destitute  of  nuclei 

is  specially  active,  whil.st  the  nu-  has  undergone  partial  necrosis, 
clei  are  grouped  in  the  less  ac-  whilst  the  nuclei  are  grouped  in 
five  parts.  those  parts  of  the  cell  which  have 

retained  their  vitality. 

This  table  represents  what  may  be  called  the  views  of  the  extremists 
on  either  side,  but  between  these  are  to  be  found  every  possible  modi- 
fication :  some  others  inclining  to  one  side  and  some  to  the  other,  whilst 
there  is  no  absolute  and  entire  agreement  between  any  two  of  them. 

At  tiiis  point  one  is  forcibly  reminded  of  Mark  Twain's  sensational 
novel,  in  wliich  he  got  his  hero  into  such  a  fearful  tangle  of  complica- 
tions that  he  had  to  leave  it  to  his  readers  to  get  him  out  of  it  as  best 
they  could.  But  it  will  be  more  interesting  to  face  the  music  and  crit- 
icallv  examine  the  situation  from  the  various  points  of  view. 

Before  taking  up  the  points  mentioned  in  the  table  it  may  be  well 
to  consider  the  formation  of  physiological  giant  cells  as  found  in  bone, 
and  of  the  so-called  foreign  body  giant  cells. 

Bone,  especially  in  the  earlier  stages  of  its  formation,  is  continually 
passing  through  periods  of  resorption  and  reconstruction,  with  forma- 
tion of  Howship's  lacunre,  in  which  giant  cells  (myeloplaxes).  clinging 
to  the  surface  of  the  bone  where  resorption  is  proceeding,  are  con- 
stantly found,  and  outside  of  these  a  zone  of  granulation  tissue.  The 
ear.lier  observers  held  that  the  myeloplaxes  were  the  chief  agents  in  the 
resorption  processes  and  Kolliker  named  them  osteoclasts.  This  posi- 
tion has  been  much  contested  of  late,  and  it  seems  more  probable  that 
the  resorption  is  due  to  the  activity  of  the  granulation  tissue,  of  which 
the  myeloplaxes  are  modified  portions.  The  granulation  cells  lying 
nearest  to  the  hard,  inert  surface  of  the  bone,  and  being  pressed  up 
against  it  by  the  invading  tissue,  are  not  bathed  in  lymph  from  all  sides 
as  they  would  naturally  be.  Xutrinient  therefore  is  insufficient,  and 
this  leads  to  imperfect  cell  division.  The  giant  cells,  no  doubt,  are 
active  agents  in  so  far  as  they  are  a  part  of  the  granulation  tissue,  but 
are  not  in  themselves  the  specific  cause  of  the  resorption. 
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It  is  true  that  the  niyeloplaxes  are  found  throughout  hfe  in  the 
bone  marrow,  but  they  usually  show  signs  of  fatty  degeneration,  and 
do  not  give  the  impression  of  durability.  It  is  probable  that  they  are 
being  constantly  formed  wherever  resorption  is  proceeding,  and  after 
formation  float  off  into  the  marrow,  where  they  exist  for  a  time,  and 
gradually  disappear.  Meyer  (1893)  takes  this  view  of  their  origin, 
although  he  believes  in  their  specific  functions.  The  opposite  view 
that  the  giant  cells  of  the  marrow  are  a  reserve  fund  of  osteoclasts, 
which  multiply  as  occasion  arises  for  bone  resorption,  may  be  correct, 
but  cannot  be  held  by  any  one  who  believes  that  the  nuclei  of  giant 
cells  divide  amitotically,  and  that  the  cells  themselves  are  of  a  syncytial 
nature,  since  this  belief  would  exclude  the  possibility  of  their  dura- 
bility and  power  of  originating  similar  independent  cells. 

In  patb.ological  lacunar  absorption  the  processes  are  similar,  but  it  is 
significant  that  in  occasional  instances  where  absorption  is  proceeding 
very  rapidly,  there  is  formation  of  Howship's  lacuna:  filled  with  granu- 
lation tissue  without  giant  cells  (von  Recklinghausen,  1891).  One 
can  imagine  that  where  pressure  on  the  cells  lying  next  to  the  bone 
is  rapidly  relieved  there  is  no  interference  with  nourishment  and,  there- 
fore, no  imperfect  cell  division. 

for-.'ign  Body  Giant  Cells. — Where  some  extraneous  material  is  in- 
serted in  the  tissues,  either  accidentally,  surgically,  or  by  way  of  ex- 
periment, there  is  at  first  leucocytic  invasion,  quickly  followed,  if  there 
is  no  suppuration  due  to  bacterial  infection,  by  the  appearance  of  for- 
mative granulation  tissue,  which  soon  surrounds  the  substance.  If  this 
latter  be  soft  arid  easily  absorbable,  as  lung  or  liver  tissue,  there  are 
no  giant  cells  formed,  but  if  it  be  hard  or  indigestible,  such  as  a  piece 
of  sponge,  catgut,  or  bone,  v.-ith  the  advent  of  the  granulation  tissue, 
giant  cells  make  tlieir  appearance,  closely  hugging  the  surface  of  the 
foreign  body. 

The  reason  for  their  appearance  seems  to  be  the  same  as  in  the 
case  of  bene  absorption :  the  granulation  cells  nearest  to  the  foreign 
bodv,  being  pressed  closely  against  it  by  the  actively  increasing  tissue, 
are  insufficiently  nourished  with  resulting  abnormal  nuclear  and  incom- 
plete cell  division. 

That  leucocytes  of  the  early  invasion  give  rise  to  the  giant  cells  in 
foreign  body  intrusion  seems  unlikely  for : 

1.  Giant  cells  do  not  appear  until  the  advent  of  granulation  tissue. 

2.  Their  formation  begin?  at  the  periphery  of  the  foreign  body  in 
th<;  granulation  zone. 

3.  Their  nuclei  and  ryioplns'ii  resenililcs  .those  of  the  granulation 
cells. 
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4.  Some  leucocytes  penetrate  the  foreign  body  and  come  to  a  stand- 
still there.  "Here  wonid  be  the  place  for  them  to  form  giant  cells  if  they 
could,  but  these  are  found  at  the  periphery  only,  and  never  inside  the 
foreign  body  ( Harnerl,  \'on  Bungner). 

Kriickman  and  others  maintain  that  epithelium  may  occasionally 
give  rise  to  giant  cells,  and  there  seems  no  reason  to  suppose  that  their 
conclusions  are  incorrect. 

Returning  now  to  the  table  showing  the  extreme  views  on  either 
side  as  regards  the  processes  of  giant-cell  formation  in  tuberculosis, 
each  point  can  be  taken  up  separately. 

I.  Invasion  of  small  mono-  and  polynuclear  leucocytes. 

All  agree  that  this  is  the  first  step  in  the  attempted  destruction  of 
the  tubercle  bacilli,  and  the  question  of  their  phagocytic  properties  need 
not  concern  it^,  as  no  oni.-,  except  perhaps  Arnold,  supposes  that  they 
give  rise  to  giant  cells. 

.2.  .Vdvent  of  large  mononuclear  formative  cells. 

Since  it  is  agreed  that  it  is  from  these  that  the  giant  cells  are  formed, 
the  qu' stion  of  their  origin  is  of  interest.  Metschnikoff;  Borrel,  and 
Arnold  claim  tliat  ihey  are  of  leucocytic  origin. 

Lionel  (1805  and  1894)  in  his  experiments  injected  tubercle  bacilli 
into  the  ear  veins  of  rabbits,  and  found  the  bacilli  were  intercepted 
in  the  capillaries-  of  the  lungs,  where  tubercles  were  quickly  formed; 
at  first  in  the  capillaries  and  later  in  the  alveoli.  He  observed  that  the 
larger  mcnonticlear  cells  appeared  in  the  capillaries  in  forty-eight  hours, 
and  argued  from  this  that  they  must  be  ot  intravascular  origin  and, 
consequently,  leucocytic.  Ccrnil  and  Yersin  have  arrived  at  the  same 
conclusions.  Arnold  (1S93),  studying  inflammation  in  the  mesentcrv 
of  frogs,  noticed  tlie  appearance  in  twenty-four  hours  of  mononuclear 
spindle  and  branching  cells,  and  concluded  that  in  such  a  short  space 
of  tmic  these  could  not  have  been  formed  from  the  fixed  cells,  but  mu'-t 
necessarily  have  arisen  from  the  leucocytes  of  the  early  invasion. 
.\inold  concedes,  however,  that  the  granulation  tissue  of  leucocytic 
origin  is  probably  only  temporary,  being  replaced  later  by  tissue  derived 
from  the  fixed  cells.  Formerly  Ziegler  and  many  German  observers 
lield  similar  views,  but  have  now  abandoned  them  in  favor  of  the  origin 
of  the  granulation  from  the  fixed  cells  of  the  connective  tissue  in  which 
are  included  the  endothelium  of  the  vessels,  lymph  spaces  and  serous 
cavities.  They  admit,  however,  that  the  connective  tissue  cells  of  young 
gianulfition  tissue  possesses  mobility  and  that  at  this  stage  it  is  difficult 
to  judge  with  certainty  between  them  and  the  large  mononuclear 
lymphocytes,  although  there  are  dififcrenccs  in  the  appearance  of  the- 
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nuclei,  ihc  cell  i)rotoi)lasiii,  ami  mitoses  by  which  thcv  can  be  dis- 
;iii,i;iiisl;ed. 

When  we  speak  of  round-cell  infiltration  it  must  be  confessed  that 
under  this  appellation  both  leucocytes  and  early  granulation  cells  are 
included,  between  which  no  differentiation  can  be  inadc  by  the  ordinary 
observer.  As  Unna  justly  remarks:  "The  expression  round-cell  infil- 
tration is  a  cloak  made  to  cover  many  gaps  in  our  knowledge." 

It  does  not  seem  inherently  impossible  that  leucocytes  should  be  able 
to  give  rise  to  connective  tissue.  It  must  be  remembered  that  in  in- 
vertebrates, leucocytes  and  mesodermal  cells  are  one  and  the  same 
thing,  whilst  in  vertebrates  they  are  both  derived  from  the  ameboid 
mesenchymal  cells  of  the  early  embryo.  On  further  development  those 
mesenchymal  cells,  which  remain  in  fluid  media,  such  as  lymph  and 
blood,  continue  their  ameboid  existence,  whilst  others  which  find  them- 
selves in  the  gradually  thickening  mesenchymal  substances  become 
fixed  connective-tissue  cells.  In  inflammatory  processes  the  mter- 
cellular  suljstances  are  broken  down  by  the  action  of  the  leucocytes,  and 
in  con.sequence  of  this  the  connective-tissue  cells  are  set  free  in  a  fluid 
melium  resembling  that  of  the  embryonic  mesenchymal  fluid.  They 
now  take  on  ameboid  movements  and,  mingling  with  the  leucocytes, 
cannot  be  distinguished,  at  any  rate  from  the  large  mononuclear  ones, 
although,  as  already  mentioned,  some  Germ.an  authors  claim  that  there 
are  certain  difl'erences  between  them.  In  any  event  it  seems  that  con- 
nective-tissue cells  do  not  become  very  highly  differentiated,  but  can 
readily  adapt  themselves  to  their  environment :  returning,  as  it  were, 
on  occasion  to  their  early  embryonic  forms.  Per  contra  it  is  not  un- 
reasonable to  suppose  that  leucocytes,  whose  origin  is  the  same  as  that 
of  the  connective-tissue  cells,  may  also  be  capable  of  adaptability,  and, 
given  a  suitable  environment,  can  take  upon  themselves  the  characters 
and  functions  of  the  latter.  It  is  certainly  improbable,  though  not  in- 
conceivable, that  leucocytes  and  connective-tissue  cells,  are  inter- 
changeable.- 

3.  Origin  of  giant  cells. 

The  extreme  view  held  by  Borrel  that  they  are  formed  by  fusion  of 
several  cells  without  any  subsequent  division  of  nuclei  does  not  seem 
to  be  shared  by  any  one  else,  and  it  may  be  taken  for  granted  that  there 
is,  at  any  rate,  amitotic  division  of  the  nuclei  after  the  commencement 
of  formation  of  the  giant  cell.  But  the  question  as  to  whether  they 
arise  from  one  cell  or  by  fusion  of  several  must  be  considered  as  still 
"sub  judice."    The  conclusions  of  some  autho.rs  may  be  given,  but  it 

2  Since  writing  this  Beard  (Anatomischer  Anzeiger,  1900)  and  others  claim 
to  have  traced  the  origin  o'  leucocytes  to  the  epithelium  of  the  thymus  gland. 
If  this  view  proves  correct,  the  above  arguments  fall  to  the  ground. 
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hardly  seems  worth  while  Ui  reca]Mtulato  their  arguments  in  favor  of 
their  views.  I'^or  the  must  part  they  are  pious  opinions  and  nothing 
more. 

One  Cell. — Goldman.  Welcker,  Birch    Hirschfeld,  llaumgarten. 

Several  Cells. — \  on  liungner,  Borrel. 

One  Cell,  or  several,  according  to  circumstances. — Manasse, 
Metschnikofi',  Kriickmann,  Rihhert. 

The  older  pre-tubercle  bacillus  view  of  Ranvier  and  Cornil  (1878) 
that  giant  cells  arise  from  metamorphosed  vessels — the  giant  cell  with 
dic  siuTounding  epithelioid  cells  representing  an  obliterated  capillary — 
is  now  abandoned,  though  Borst  (1896)  seem  to  think  it  may  be  true 
in  some  instances. 

4.  Ameboid  properties  of  giant  cells. 

Metschnikoff  did  not  attempt  to  observe  giant  cells  in  tlie  living 
condition  on  the  warm  stage,  but  the  long  protoplasmic  processes  which 
they  exhibit  in  fixed  preparations  he  considered  as  pseudopods,  and 
concluded  that  the  cells  possess  mobility. 

\\'eigert  (1888)  Welcker  (1895),  and  others  who  have  observed 
giant  ceils  on  the  warm  stage,  have  been  unable  to  detect  any  such 
ameboid  movements  as  are  shown,  for  instance,  by  leucocytes,  and  from 
the  appearance  in  fixed  preparations  of  what  are  known  to  be  ameboid 
cells  we  can  only  conclude  that  true  pseudopods  cannot  be  fixed.  Leu- 
cocytes appear  as  spherical  cells,  the  pseudopods  evidently  being  re- 
tracted at  the  moment  of  fixation ;   i.e.,  death  of  the  cell. 

An  illustration  may  be  taken  from  the  early  embryo.  After  the 
establishment  of  the  three  primary  germ  layers,  all  of  which  are  epithe- 
lial m  character,  there  is  serous  effusion  between  the  middle  and  two 
outer  ones.  Cells  now  detach  themselves  from  the  middle  layer  or 
mesoderm,  and,  taking  on  ameboid  movements,  wander  into  the  effu- 
sion or  mesenchymal  fluid :  being  now  no  longer  epithelial  but  mesen- 
clwmal  cells,  from  which,  for  the  most  part,  connective  tissue  wdl 
be  formed.  At  this  stage  such  ameboid  cells  in  fixed  preparations 
apjjear  spherical.  Later  on,  the  mesenchymal  fluid  becomes  thickened 
and  mucilaginous,  so  that  the  cells  can  no  longer  wander,  but  become 
fixed,  their  pseudopods  forming  elongated  protoplasmic  processes 
which  anastomose  with  those  of_  other  similar  cells  and  cannot  now  be 
retracted.  In  fixed  preparations  these  processes  are  visible,  affording 
vi'ith  the  cell  bodies  and  intercellular  substances,  the  well-known  ap- 
pearance of  nmcoid  tissue. 

The  long  processes  of  the  giant  cells,  therefore,  are  almost  cer- 
tainly fixed,  being  probably  continuous  with  the  reticulum  of  the 
tubercle,   and   cannot   be   retracted.      Schmaus    and    I'sinsky    (1894) 
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claim  to  have  demonstrated  that  many  of  tlie  prolongations  of  the 
epithelioid  and  giant  cells  in  tubercle  anastomose,  and  contribute  to  the 
formation  of  the  intercellular  network  or  reticulum.  The  presence  of 
such  prolongations  in  fixed  preparations  is  an  argument  against  the 
mobility  of  giant  cells,  and  we  may  fairly  conclude  that  these  have  no 
ameboid  movements. 

5.  Phagocytic  properties. 

It  it  be  conceded  that  giant  cells  are  destitute  of  mobility,  phago- 
cytic properties  must  also  necessarily  be  denied  to  them. 

6.  Disposition  of  nuclei,  etc. 

This  question  may  be  said  to  resolve  itself  into  a  battle  royal  be- 
tween Weigert  and  Metschnikoflf,  other  writers  on  the  subject  content- 
ing themselves  with  applause  or  dissent.  Weigert  in  1885  opened  fire 
by  atteuipiing  to  account  for  the  peripheral  arrangement  of  the  nuclei 
in  cells  of  the  Langhans  type  found  in  tuberculosis,  by  supposing  that, 
in  consequence  of  the  action  of  the  toxines,  elaborated  by  the  bacilli, 
the  center  of  the  cell  has  undergone  partial  necrosis.  The  nuclei  con- 
sequently group  themselves  at  the  periphery  or  at  one  pole,  where  the 
cytoplasm  is  stiil  active.  He  points  out  that  in  comparatively  early 
stages,  whilst  the  bacilli  are  few  in  number,  they  are  found  in  the 
center  of  (he  celis  with  the  nuclei  at  the  periphery  (commencement  of 
necrosis). 

Later  on,  the  bacilli  become  more  numerous  and  take  on  a  radial 
arrangement,  just  internal  to  the  nuclei  and  pushing  in  between  them, 
whilst  none  are  found  in  the  center. 

This  he  accounts  for  by  supposing  that  owing  to  progressive 
necrosis  at  the  center,  nourishment  becomes  exhausted  there,  and  the 
bacilli  work  their  way  toward?  the  periphery. 

The  center  of  the  cell  at  this  stage  stains  but  faintly,  and  this  he 
akso  takes  as  evidence  of  degeneration. 

iSIetschnikoft",  in  defense  of  his  favorite  phagocytic  theory,  points 
out  that  in  the  giant  ceils  some  of  the  bacilli  take  the  red  or  violet 
stain  very  poorly,  whilst  in  the  center  of  the  cell  are  small-,  yellow 
masses  which  he  supposes  to  be  the  remains  of  dead  bacilli  or  rather 
of  sheaths  secreted  by  them  before  death  as  a  means  of  defense  against 
attack  by  the  cell. 

Koch  had  already  ob.served  these  vellow  bodies  and,  regarding  ihem 
as  some  of  the  original  infecting  bacilli  which  had  died  a  natural  death 
of  old  age.  argued  in  favor  of  a  certain  durability  of  the  giant  cell. 

Metschnikofl'  held  that  they  represent  bacilli  which  have  been  killed 
by  the  phagocytic  properties  of  the  cell,  and  maintained  that  the  center 
is  the  more  active  part,  whilst  Weigert.  in  reply,  contended  that  they 


Giant  Cells.  ii 

are  piobably  not  remains  of  b.icilli  at  all  hut  altered  portions  of  the  cell 
protoplasm. 

There  seems  little  doubt,  however,  that  Koch  and  MetschnikofT 
were  correct  in  their  observations,  and  Weigert's  safest  retort  would 
have  been  that  the  yellow  bodies  are  bacilli  which  have  been  killed  by 
the  action  of  their  own  toxic  products. 

JMetschnikoff  does  not  seem  to  have  dwelt  much  u|>on  the  faintly 
staining  qualities  of  the  cell  center,  liut  his  follower,  Borrel,  maintains 
that  tliis  IS  due  to  the  large  quantities  of  digestive  material  present, 
and  instances  tlie  case  of  goblet  cells  as  analogous.  This  certainly  is 
rather  far-fetched,  and  Weigert  seems  to  have  the  best  of  the  argu- 
ment :  the  necrosis  theory  much  more  readily  accounting  for  the  actual 
appearances  than  the  opposite  view.  The  question  may  be  also  ap- 
proached from  what  might  be  called  the  phylogenetic  standpoint. 

In  physiological  giant  cells  we  find  the  nuclei  always  grouped  in  the 
center  of,  the  cell — the  typical  myeloid  cell.  The  cytoplasm  being 
equally  active  throughout,  the  nuclei  take  up  their  natural  position  in 
the  center 

In  inert  foreign  body  intrusion  giant  cells  are  formed,  some  of 
which  have  the  typical  myeloid  appearance.  In  others  the  nuclei  are 
irregxdarly  scattered  throughout  the  protoplasm,  whilst  others  again 
ap;iroach  the  Langhans  type,  though  it  is  reserved  for  tuberculosis  and 
otlier  infective  granulomas  to  show  this  type  to  perfection.  We  can 
readily  suppose  that  bone  being  a  part  of  the  organism,  there  is  nothing 
set  free  from  it  on  absorption,  which  is  actively  injurious  to  the  cells: 
the  giant  cells  being  formed  simply  on  account  of  lack  of  proper 
nourishment. 

An  extraneous  foreign  body,  on  the  other  hand,  is  likely  to  con- 
tain substances  which,  on  being  set  free  by  gradual  absorption,  would 
act  deleteriously  on  the  cells.  The  giant  cells  are  formed  in  the  first 
instance  from  lack  of  nourishment,  and  later  suiifer  more  or  less  from 
the  action  of  such  substances  upon  them.  The  greater  the  injury  to 
the  cells  the  greater  the  likelihood  of  some  portions  becoming  necrosed. 
From  such  portions  the  nuclei  would  recede,  and  the  cell  approach  the 
Langhans  type. 

In  tuberculosis  an<l  similar  infections  it  is  probable  that  where  one 
or  a  few  micro-organisms  come  to  a  standstill,  the  first  granulation  cells 
which  appear  find  their  nourishment  sufficiently  interfered  with  by  the 
toxines  to  prevent  their  normal  increase  by  division.  A  giant  cell  is 
thni  fdrined  either  by  fusion  of  several  or  increase  of  a  single  cell;  if 
the  latter,  probably  the  one  into  which  the  bacilli  first  penetrate.  At 
first  the  giant  cell  docs  not  necessarily  assume  the  Langhans  type,  but 
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as  tlic  bacilli  increase  in  nuinbcr  their  toxic  products  cause  progressive 
necrosis  of  the  center  and  the  peripheral  arrangement  of  the  nuclei 
becomes  more  marked.  Generally  speaking,  therefore,  the  greater  the 
injury  to  the  cell  the  nearer  does  it  conform  to  the  Langhans  type. 

Giant  Cells  in  Tumors. — There  are  certain  sarcomas  arising  in  con- 
nection with  bone  marrow,  which  contain  multinuclear  giant  cells,  re- 
sembling the  normal  myelopla.xes  in  every  respect.  Evidently  such  cells 
must  be  derived  either  from  pre-existing  myeloplaxes,  or,  if  the  possi- 
bility of  tliese  undergoing  cell  division  be  denied,  from  fixed  connective- 
tissue  cells,  represented  in  the  tumor  by  spindle  or  round  cells,  which 
are  numerically  always  greatly  in  excess  of  the  giant  cells.  The  giant 
cells  themselves,  however,  are  often  found  in  large  numbers  and  the 
only  way  in  which  the  latter  hypothesis  can  be  made  to  account  for 
their  presence  is  by  supposing  them  to  be  formed  at  the  margins  of  the 
advancing  tumor  where  the  bone  is  being  resolved,  and  after  formation 
remaining  among  the  ordinary  tumor  cells  whilst  the  bone  recedes  on 
account  of  the  progressive  resorption,  the  giant  cells  existing  for  a 
time,  but  probably  taking  no  active  part  in  the  further  development  of 
the  growth. 

The  giant  celis  in  such  tumors  do,  as  a  fact,  very  ([uickly  degenerate, 
often  showing  vacuolation  and  alteration  in  the  nuclei,  before  there  is 
evidence  of  regressive  changes  in  the  surrounding  spindle  or  round 
cells. 

Tuujors  derived  from  the  bone  itself  also  frequently  show  myeloid 
giant  cells,  but  in  fewer  numbers,  whilst  periosteal  sarcomas  almost 
invariably  contain  so-called  giant  cells,'  which  have,  however,  nothing 
in  common  with  the  multinuclear  giant  cells  under  consideration  in  this 
article.  They  are  large,  spherical,  or  irregularly-shaped  cells  with  one, 
or  perhaps  two  or  three,  enormous  nuclei,  showing  excessive  nuclear 
hyperchromalism,  which  Hanseinann  (1897)  ascribes  to  a  process  of 
karyorhexis.  It  is  uncertain  if  this  view  be  correct  or  not,  but  intense 
hyperchromatism  is  a  not  uncommon  accompaniment  of  malignant 
tumors,  A\hethcr  sarcomas  or  carcinomas.  Such  periosteal  sarcomas 
are  usually  exceedingly  malignant,  w'hereas  the  true  myelosarcomas  or 
those  in  Vvhich  the  giant  cells  resemble  the  myeloplaxes,  can  hardly 
be  considered  as  exhibiting  malignancy  at  all.  being  of  slow  growth, 
and  seldom  recurring  or  forming  metastases. 

A  specially  benign  type  is  that  known  as  epulis,  proceeding  from 
the  alveolar  process  of  tfie  jaw. 

Sarcomas  other  than  those  arising  in  connection   with  bone  mav 

'Periosteal  sarcomas  do  not  burrow  into  and  absorb  bone  like  the  mye'o- 
Farcomas.  hut  gmw  outward-*  along  the  lines  of  least  resistance,  displacing  and 
replacing  connective  tissue  and  muscles. 
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contain  giant  cells.  Knicknian  (1895)  describes  two  such  cases:  in 
one  of  which  the  giant  cells  were  grouped  around  masses  of  blood-pig- 
ment and  in  the  other  around  hyalin  material.  For  these  and  certain 
other  reasons  he  concludes  that  the  giant  cells  are  of  foreign-body 
origin,  playing  meiely  a  secondary  role  in  the  formation  of  the  tumor. 

Carcuiomas  also  occasionally  contain  giant  cells,  especially  the 
epitheliomas  of  the  skin  and  stratified  mucous  membranes.  In  these 
cases  the  giant  cells  are  often  found  surrounding  horny  epithelial  pearls 
in  which  active  growth  appears  to  have  ceased,  so  that  these  may  be 
considered  m  the  light  of  inert  foreign  bodies.  Giant  cells  may  some- 
times also  be  observed  scattered  in  the  granulation  tissue  which  so  often 
accompanies  carcniomatous  infiltration,  and  in  such  instances,  accord- 
ing to  bCriickman  and  Lubarsch,  careful  search  will  usually  reveal  frag- 
ments of  Uead  epithelial  cells,  cholesterin  crystals,  etc.,  in  close  prox- 
imity to,  or  contained  within,  the  cells,  so  that  a  foreign-bodv  origin 
may  be  ascribed  to  the  latter. 

JVianasse  "(1894)  describes  nine  cases  of  granulation  polyps  of  the 
ear,  in  almost  all  of  which  giant  cells  were  found,  and  decides  from 
the  ap|>earances  noted  that  these  were  of  foreign-body  origin,  and  had 
nothing  to  do  with  the  formation  of  the  polyps  as  such. 

V.'ithout  quoting  other  authors  who  reach  similar  conclusions  we 
may  sum  up  that  giant  cells : 

1.  In   myelosarcomas  represent  absorption  of  bone. 

2.  In  other  tumors  represent  foreign-body  intrusion. 

3.  In  all  tumors  are  a  secondary  manifestation,  and  do  not  actively 
contribute  to  their  growth. 
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Chorionic  Villi  from  human  ovum  twenty-five  days  old, 
showing  syncytium.      X   250. 


b. 

i-     Early  stage  of  giant  cell   in   miliary  tuberculosis  of  peritoneum.     As  yet  tliere  is 
no  peripheral  arrangement  of  the  nuclei.      X    250. 

b.     Later  stages  of  giant  cells  from  a  case  of  Lupus  showing  the  Langhans  type.    X  250. 
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A  myeloid  giant  cell  from  a  case  of  Epulis.      X  700. 
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<!,     Myeloid  giant  cells  surrounding  a  horny  epithelial  pearl  in  epithelioma       X  25^. 

h.     Large — miscalled  giant— cell  from  a  periosteal  sarcoma  of  thigh  showing  intense 
nuclear  hyperchromatism.      X   250. 


BENIGN    EPITHELIAL   TUMORS    OF   THE    SKIN.^ 
By  B.  H.  Buxton,  M.D., 

Instructor  in   Bacteriology,  Cornell  University   Medical  College. 

IT  will  be  well  to  define  at  the  outset  what  is  the  meaning  of  the 
word  epithelial,  and  for  this  purpose  the  reader  is  referred  to  a 
previous  article  in  the  February,  1900,  number  of  this  Journal, 
where  reasons  are  given  for  considering  as  epithelial  those  cells,  no 
matter  what  their  origin,  which,  lying  closely  packed  together,  with- 
out any  intercellular  substance  beyond  an  exceedingly  thin  sheet  of 
mucilaginous  ceiuent  between  them,  constitute  definite  layers,  no  vessels 
penetratmg  between  the  individual  cells. 

Such  layers  line  the  external  and  internal  surfaces  of  the  body,  the 
lumina  of  gland  alveoli,  ducts,  and  vessels,  or  they  may  be  arranged 
in  cords,  as  in  the  liver  and  suprarenals. 

Under  this  definition  it  is  evident  that  not  only  the  cells  of  the 
epidermis  and  its  derived  glands,  but  also  the  endothelial  cells  lining 
the  blood  and  lymph  vessels,  are  to  be  considered  as  epithelium.  These 
latter  have,  in  fact,  all  the  characteristics  of  epithelium,  and  tumors 
arising  from  them  have  the  characteristics  of  epithelial,  and  not  con- 
nective tissue,  tumors,  although,  Hke  the  connective  tissue  cells,  they 

'  Photographs  by  the  author,  partly  from  original  specimens  examined  at  the 
General  Memorial  Hospital  and  partly  from  those  supplied  by  Drs.  Schultzeand 
Johnston. 

Up  to  10  diameters,  Ross  anastigmatic. 

25  "  Spencer,  2-inch  photographic. 

250  "  Powell  and  Lealand.     ^4;-in..apochromatic  oil  immersion. 
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are  derived  from  the  niescncliymal  cells  of  the  early  embryo,  and  not 
directly  from  any  one  of  the  three  primary  epithelial  germ  layers. 

Tumors,  therefore,  arising  from  endothelium,  situated  in  the 
corium,  must  be  held  to  be  of  an  epithelial  nature,  and  as  such  will  be 
dealt  with  in  this  article.  On  the  other  hand,  pigmented  and  other 
nievi  and  tumors  derived  from  them  will  be  excluded.  Such  tumors 
have  usually  been  regarded  as  of  connective  tissue  origin,  but  Unna, 
with  whom  Gilchrist  and  many  other  recent  writers  seem  to  be  in 
accord,  claims  to  have  traced  their  origin  from  epithelium  of  the 
ectoderm,  which  has  been  cut  off  from  its  parent  stock  in  the  process 
of  development,  and  remains  hcteroto])ica11y  imbedded  in  the  connective 
tissue  of  the  rorium. 

Lubarsch,  who  revels  in  contradiction,  and  who  may  be  called  the 
pathological  Mephisto,  ''Der  Geist  der  stets  \^crneint,"  was  unable  to 
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find  any  such  snaring  oil  of  epithelial  cells,  and  roundly  asserts  the 
connective  tissue  origin  of  cells  found  in  naevi.  Bauer  {I'irchotv's 
Archiv,  Vol.  142)  and  some  others  hold  that  nsevus  cells  are  endothelial, 
but  as  the  question  is  still  an  open  one,  it  may  be  provisionally  assumed 
that  they  are  modified  connective  tissue  cells,  probably  allied  to  the 
chromatophorcs,  since  tfiey  so  frequently  contain  pigment,  and  will, 
therefore,  be  excluded  from  consideration  in  this  article.  Xor  will 
retention  cysts  or  tumors  arising  in  connection  with  the  highly  special- 
ized mammary  gland  be  dealt  with. 

In  spite  of  these  exclusions  there  is  ])lcnty  of  material  left  to  work 
upon,  as  may  be  seen  by  a  glance  at  the  accompanying  diagram,  in 
which  arc  represented  the  various  layers  of  the  epidermis  and  its  de- 
rived glands,  together  with  an  enumeration  of  the  tumors  derived  from 
them. 
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For  cutaneous  warts  ami  similar  sjrowtlis,  the  term  papilloma  is  in 
,s;eneral  use.  This  word  was  coined  in  the  early  days  of  pathology,  and 
expresses  the  idea,  then  prevalent,  that  such  growths  are  due  primarily 
to  increase  in  size  and  numhers  of  the  pa])ill;E.  To-day,  however,  it 
is  generally  recognized  that  the  papillae,  as  such,  play  an  altogether 
secondary  role  in  the  formation  of  true  warts,  and  that  these  are  due, 
in  the  first  instance,  to  proliferation  of  the  epithelium.  The  word 
pajMlloma,  therefore,  should  he  dropped  in  a  discussion  of  the  subject 
of  cutaneous  growths,  although  it  may  conveniently  be  retained  for 
the  purpose  of  reporting  pathological  examinations  where  the  chief 
object  is  to  express  the  idea  of  benignity,  as  ojjposed  to  malignancy, 
and  should  be  used  in  a  general  way  as  descriptive  of  excrescences 
aiising  from  a  surface,  whether  primarily  of  epithelial  or  connective 
tissue  origin. 

Unna  distinguishes  tu  o  types  of  tumors  arising  from  the  epidermis : 
the  keratomas,  in  which  the  liorny  layer  is  most  conspicuou.s,  and  the 
akanthcmas,  which  are  chiefly  made  up  of  prickle  cells,  the  horny 
la\er  being  comparatively  insignificant. 

In  the  keratomas,  luider  which  are  included  corns  and  cutaneous 
horns,  the  increase  of  the  tumor  is,  of  course,  due  merely  to  apposi- 
tion, there  being  no  actual  growth  of  the  dead  horny  cells  themselves. 
These,  instead  of  peeling  off,  for  some  reason  or  other  remain  glued 
together,  and  beings  constantly  reinforced  from  below,  a  warty  growth 
or  cutaneous  horn  is  gradually  formed. 

In  the  corns,  constant  pressure  from  without  prevents  the  usual 
desquamation  of  the  dead  surface  cells,  which,  consequently,  form  a 
hard,  thick  layer,  followed  secondarily  by  some  increase  of  the  prickle 
layers.  The  formation  of  the  cutaneous  horns,  on  the  other  hand,  is 
probably  due  to  some  almormality  in  the  cells  themselves :  the  horny 
layer  and  rete  Malpighii  increasing  simultaneously,  the  former,  how- 
ever, being  by  far  the  more  conspicuous,  so  that  cutaneous  horns  can 
be  di:-t!nguished  micro-  as  well  as  macroscopically  from  ordinary 
warts. 

Plate  T./'  shows  a  keratoma  from  a  male  patient  aged  60.  For 
ten  years  there  had  been  a  small,  painful  spot  under  the  right  eye, 
which  l:ad  become  ulcerated  four  weeks  before  removal. 

A  plug  of  horny  material  can  be  seen  in  the  center,  extending 
inward  as  well  as  outward,  so  that  the  growing  prickle  layer  has  been 
jiushed  down  into  the  corium  and  beneath  the  normal  epidermis  on 
cither  side,  but  there  is  no  indication  of  infiltration  of  the  underlying 
tissues,  such  as  would  be  observed  in  a  malignant  growth. 

Of  the  akanthomas,  or  growths  arising  from   the  rete   ?\lalpighii. 


4  B.  H.  Buxton,  M.D. 

four  varieties  may  be  distinguished:  (i)  Verruca  vulgaris,  (2)  con- 
dyloma acuminatum,  (3)  molluscum  contagiosum,  (4)  akanthoma 
adenoides  cysticum. 

1.  Verruca  Vulgaris  (Plate  La,  wart  on  lip). — The  homy  layer  is 
increased  in  thickness,  though  but  little,  by  comparison  with  the  rete 
Malpighii.  The  rete  cells  themselves  are  rapidly  replenished  from  the 
gorminal  layer,  where  mitoses  are  frequent,  whilst  keratinization  prob- 
ably proceeds  more  slowly  than  normal,  as  indicated  by  the  prominence 
of  the  granular  layer.  The  epithelium  sends  out  long  pointed  processes 
into  the  corium,  and  between  these  are  the  elongated,  narrowed  papilla, 
which  show  some  tendency  to  branching. 

2.  Condyloma  Acuminatum. — In  these  akanthomas,  which  occur, 
for  the  most  part,  around  the  external  genitals  and  anus,  the  horny 
layer  is  not  at  all,  or  very  slightly,  increased,  whilst  the  greatly  thick- 
ened prickle  layer  presents  a  mulberry  or  cauliflower  appearance,  owing 
tn  the  continued  branching  of  the  narrow  papills  throughout  their 
entire  length,  the  branching  being  much  more  developed  than  in 
verruca.  Mitoses  are  frequent,  not  only  in  the  basal  or  germinal  layer, 
but  also  in  the  three  or  four  deepest  layers  of  the  prickle  cells.  The 
main  differences  between  verruca  vulgaris  and  these  may  be  tabulated 
as  follows : 

Verruca  VtJLG.\Ris,  Condylom.\. 

Gross  appearance:  Flattened  or  Cauliflower  growth, 

semicircular  nodule. 

Gross  appearance:   Surface  dry.  .Surface  moist. 

Microscopical:      Thickening   of  No  thickening  of  horny  layer, 

horny  layer. 

Microscopical :        ]M  o  d  e  r  a  t  e  Excessive  branching  of  papillre. 

branching  of  papillae. 

Microscopical:    Mitoses  only  in  Mitoses    in    germinal    and    also 

germinal  laver.  in  three  or  four  rows  of  prickle 

layer. 

Vollmer  thinks  that  in  condylomas  the  primary  growth  is  due  to 
increase  .of  the  papill?p,  but  tliis  is  contested  by  Herxheimer,  who,  on 
examination  of  30  specimens,  was  unable  to  find  the  necessary  condi- 
tions for  supposing  this  to  be  the  case,  namely,  papillae  free  from  an 
epithelial  covering.  Herxheimer's  view  is  certainly  more  in  accordance 
witii  modern  ideas,  and  may  be  accepted  as  in  all  probability  correct. 

Plate  IT.a  shows  a  condyloma  of  the  anus. 

The  flat  condvlomas  are  of  different  nature,  the  tumor  being  due 
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primarily  to  syphilitic  lesions  of  the  e(jriiini.  whilst  the  thickening  of 
the  epiiiennis  occurs  as  a  secondary  manifestation. 

3.  Mol/usciiin  Coiitagiosuni. — These  tumors  appear  as  small,  mul- 
tiple nodules,  usually  the  size  of  a  pin-head  to  that  of  a  pea,  over  which 
the  epidermis  rises  up  all  round,  whilst  toward  the  center  it  sinks 
in,  and,  spreading  out  beneath  the  surface,  forms  a  pouch  or  button 
of  epithelial  cells,  with  a  central  crater-like  opening. 

The  cells  forming  the  deepest  layer  are  columnar,  and  rest  on  a 
basenifnt  inembrane.  which  at  more  or  less  regular  intervals  runs  up 
among  the  cells,  giving  to  the  pouch  a  lobulated  appearance.  Above 
the  columnar  layer  are  prickle  cells,  which  quickly  swell  up  and  de- 
generate, forming  large  ii3'alin,  oval  bodies  in  the  stratum  granulosum, 
which,  above  this,  become  imbedded  in  a  horny  layer,  being  finally  cast 
off  with  the  horny  scales  through  the  central  opening.  There  is  a  dif- 
ference of  opinion  as  to  whether  molluscum  contagiosum  takes  its 
origin  from  the  hair  follicles  or  the  lower  layers  of  the  epidermis,  but 
all  authors  arc  agreed  that  the  new  growth  is  practically  confined  to 
the  epithelium,  and  that  the  increase  of  connective  tissue  is  insignificant. 

In  view  of  the  admittedly  contagious  nature  of  these  tumors,  which 
is  discussed  at  length  by  Stelwagen,  1895.  t'lf  question  of  their  parasitic 
origin  has  ahvays  naturally  been  prominent,  and  Neisser,  among  others, 
described  the  hyalin  ovoid  bodies  as  psorosperms,  claiming,  at  the 
same  time^  that  these  were  the  cause  of  the  epithelial  proliferation. 
For  a  time  this  view  was  held  to  be  correct,  but  is  now  somewhat  dis- 
credited, Unna  and  most  other  writers  on  the  subject  holding  to  the 
more  probable  theory  that  the  ovoid  bodies  are  degenerated  cells.  Bac- 
teriological examination  has  always  proved  negative,  and  the  parasite, 
if  it  exists,  has  yet  to  be  discovered. 

Plate  ].c.  Specimen  brought  from  X'ienna  by  Dr.  O.  H.  Schultze ; 
section  through  an  entire  pouch.  The  enlargement  is  not  sufficient  to 
resolve  the  individual  hyaline  bodies  clearly,  but  under  a  higher  power 
they  can  be  seen  imbedded  in  the  deeply  staining  horny  layer. 

4.  Akanthonia  Adenoides  Cysticum  of  Unna,  or  Benign  Epitheli- 
oma of  Fcrdyec. — Neither  of  these  titles  is  quite  satisfactory,  since  the 
word  epithelioma  is  best  reserved  for  malignant  tumors  arising  from 
stratified  epithelium,  whilst  Unna's  akanthoma  is  misleading,  for  the 
cells  of  these  tumors,  although  arising  from  the  germinal  layer  of  the 
epidermis,  show  no  tendency  to  develop  into  prickle  cells,  and  the 
growths  should  not,  strictly  speaking,  be  included  among  the  akan- 
thomas. 

Fordyce  suggests  that  certain  cells  of  the  germinal  layer  are  des- 
tined to  become  prickle  cells,  and  others  to  form  the  glandular  ap- 
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pciidagcs,  so  it  may  l)c  supposed  that  it  is  Indii  these  latter  that  the 
tubular  epitheliomas  or  rodent  ulcers,  and  the  benign  epitheliomas, 
neither  of  which  proceed  to  the  formation  of  prickle  cells,  arise.  Ac- 
cording to  this  theory,  the  title  adenoma  cytadenogenes  cysticum  (cystic 
adenoma  of  the  gland-forming  cells)  would  perhaps  be  a  good  one  to 
explain  the  nature  of  the  growths,  and  but  little  more  terrifying  to 
the  unfortunate  possessors  of  them  than  Unna's.  Jarisch  calls  these 
tumors  tricho-epithelioma,  believing  them  to  arise  from  the  hair  fol- 
licles, but  it  is  by  no  means  certain  that  this  is  always  the  case.  They 
occur,  for  the  most  part,  on  the  open  parts  of  the  face,  about  the  nose  ' 
or  orbit,  and  their  location  is  a  guide  to  their  nature,  since  t'le  syring- 
adenomas,  with  which  they  are  most  easily  confounded,  are,  as  a 
rule,  found  on  the  trunk  below  the  clavicle.  They  are  said  to  be  con- 
genital, and  at  any  rate  are  usually  observed  first  in  early  life  in  the 
form  of  small  pimples  or  nodules,  which  persist  without  further  in- 
crease, for  a  number  of  years,  though  ultimately  liable  to  become 
malignant,  as  in  White's  case,  and  the  one  figured  here.  Plate  II. a, 
which  started  from  a  pimple  of  the  orbit.  Although  a  malignant 
growth,  the  photograph  of  it  is  inserted  by  way  of  illustration,  since 
in  its  histological  structure  it  is  precisely  similar  to  those  which  are 
still  in  the  benign  stage.  In  another  case,  examined  at  the  General 
Memorial  Hospital,  the  tumor  originated  at  the  orifice  of  Steno's  duct, 
and  after  running  an  indolent  course  for  over  twenty  years,  developed 
malignancy,  finally  infiltrating  the  lymph  nodes  in  its  vicinity,  the  infil- 
tration showing  exactly  the  same  structure  as  the  original  tumor.  Dr. 
James  C.  Johnston  suggested  that  this  case  be  mentioned  here,  as  he 
believes  it  to  be  a  unique  instance  of  infiltration  of  the  lymph  nodes. 
On  microscopical  examination  these  tumors  are  foimd  to  contain  a 
somewhat  delicate  branching  connective  tissue  stroma,  on  which  rests 
a  layer  of  colunuiar  cells.  In  the  distended  alveoli  are  numbers  of 
small  cysts,  filled  with  colloid  material,  and  separated  from  each  other 
by  strands  of  cubical  or  flattened  epithelium,  the  whole  presenting  the 
appearance  of  a  net  or  lattice-work. 

In  addition  to  the  usual  forms  of  akanthomas,  others  are  occa- 
sionally met  with  which  cannot  very  well  be  classified.  A  few  cases 
have  been  described  of  multiple  hard  nodules  of  the  scalp,  which  micro- 
scopicallj'  are  found  to  consist  of  closely  packed,  horny  epithelial  pearls, 
separated  from  each  other  by  a  scanty  connective  tissue  stroma.  Such 
tumors  have  sometimes  been  erroneously  reported  as  endotheliomas. 
Plate  lll.b  (Dr.  O.  H.  Schultze)  shows  a  photograph  of  a  congenital 
pigmented  wart,  peculiar  inasmuch  as  the  pigment  is  entirely  confined 


Benign  Epithelial  Tumors  of  the  Skin.  7 

to  the  g-ermiiial  layer,  none  being  found  either  in  the  prickle  layers  or 
the  cerium. 

Tumors  Arising  from   the   Epithelial  Appendages   of   the  Skin. — • 
Three  varieties  may  be  distinguished : 

Origin. 

1.  Syringadenonias.  Ducts  of  sweat  glands. 

2.  Spiradenomas.  Sweat  glands. 

3.  Steatadenomas.  Sebaceous  glands. 

.Akanthomas  may  arise  from  the  hair-follicles,  but  these  cannot  be 
said  to  fall  into  a  group  by  themselves. 

1.  Syringadenonias  (syrinx,  pipe)  arise  from  the  ducts  of  sweat 
glands,  and  appear  usually  on  the  ventral  aspect  of  the  trunk,  below 
the  clavicle,  as  small  nodules  up  to  the  size  of  a  pea,  although  they 
may  exceptionally  reach  a  large  size.  Sections  under  the  microscope 
present  the  appearance  of  small  cysts,  varying  in  size,  contaming 
granular  and  mucoid  debris,  and  lined  with  cubical  or  flattened  epi- 
thelium, in  one  or  more  layers,  the  cells  swelling  up  with  secretion  of 
mucus,  whilst  at  a  later  stage  the  epithelial  lining  disappears,  owing 
to  pressure.  Torok  could  find  no  connection  between  the  cysts  and 
normally  formed  ducts  or  coil  glands,  so  concluded  that  the  tumors 
arise  from  abortive  ducts,  the  growth  of  which  has  become  arrested 
■during  development,  and  which  subsequently  start  in  to  grow  atypically. 

Petersen  describes  one  in  which  he  arrived  at  the  same  conclusions 
at  first,  but  in  a  later  article  explains  that  he  found  connections  be- 
tween the  normal  ducts  and  those  in  the  tumor.  In  the  accompanying 
illustration  the  somewhat  atrophied  glands  can  be  seen,  whilst  leading 
from  them  are  the  greatly  distended  and  branching  ducts  which  form 
the  main  part  of  the  tumor  (Palate  III. a,  case  of  Dr.  Otto  Schultze). 

Spiradenoma. — True  adenomas  of  the  sweat  glands  must  be  dis- 
tinguished from  mere  hypertrophy.  Cases  of  the  latter  have  been 
reported  by  Elliot  and  Beier  as  occurring  in  the  neighborhood  of  irri- 
tated nnevi,  while  L'nna  remarks  that  this  condition  is  not  infrequent 
in  tuberculosis  and  in  the  neighborhood  of  malignant  tumors.  Plate 
IV. i7  represents  its  occurrence  near  the  site  of  a  carcinoma  of  the  breast 
in  a  negress.  Groups  of  hypertrophied  sweat  glands  can  be  seen  in 
the  connective  tissue  of  the  corium.  and  below  these  is  a  distended  milk 
<luct. 

There  are  usually  a  large  number  of  glands  aflfected  independently 
of  each  other,  preserving  their  normal  form,  but  exhibiting  greatly 
distended  lumina  lined  with  strikingly  large  epithelium,  although  the 
■ducts  are  not  necessarilv  closed.     In  neither  Elliot's,   Beier's,  or  the 
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case  figured  here  was  tliere  any  evidence  of  closure.  Elliot  supposes 
that  the  distension  is  due  to  the  degeneration  and  swelling  of  the 
epithelial  cells,  the  semi-Huid  debris  of  which  being  so  much  thickened, 
remains  in  the  alveoli  instead  of  escaping  by  the  ducts,  and  leads  to 
the  cystic  formation. 

True  adenomas  are  more  localized,  originating  probably  from  a 
single  coil  gland,  though  others  in  the  neighborhood  may  become  in- 
corporated in  the  growth  and  possibly  later  add  to  its  bulk  by  pro- 
liferation also.  Still  there  is  always  a  definite  nodule  formed  by  suc- 
cessive budding  out  from  the  afTected  gland  of  solid  cell  processes, 
which  quickly'show  a  tendency  to  assume  coiled  forms,  and  which  may, 
or  may  not,  acquire  a  lumen  later  (  I'latc  1\'./M.  .\  scanty  connective 
tissue  stroma  penetrates  between  the  coils,  wliilst  the  basement  mem- 
brane, on  which  the  lowest  layer  of  epithelial  cells  rests,  is  everywhere 
intact  and  mav  become  greatly  thickened  and  hyalin,  as  shown  in  the 
figure,  Plate  l\'.c.  Not  many  such  cases  have  been  reported,  and  very 
few  of  them  are  of  the  Cesar's  wife  description,  though  thev  might, 
perhaps,  all  be  good  enough  for  Cxsar.  Unna,  1894.  accepts  as  genuine 
Thierfelder's,  Hoggan's,  Chandelux's,  and  Audry"s.  Chandelux's 
(1882)  drawings  and  Audry's  (1892)  descriptions  exactly  tally  with 
th.e  appearance  of  the  spiradenoma  figured  here  (Plate  IV.b  and  c,  Dr. 
Otto  Schultze),  but  Hoggan's  (1881)  illustrations  show  what  is  prob- 
ably an  endothelioma,  whilst  Thierfelder's  (1870).  to  judge  from  his 
plates,  has  evidently  reached  a  malignant  stage,  although  undoubtedly 
originally  a  spiradenoma. 

Fordyce  (1895)  describes  minutely  with  excellent  photo-micro- 
graphs an  adeno-carcinoma  of  the  coil  glands,  which  probably  orig- 
inated as  a  benign  growth.  In  his  case  there  was  distinct  infiltration 
of  the  neighboring  tissues,  and  in  places  the  cells  were  observed  break- 
ing through  the  basement  membrane. 

More  recently  other  cases  have  been  reported ;  a  very  ty|)ical  one 
by  Spiegler,  which,  however,  he  calls  an  endothelioma,  but  his  illus- 
trations show  the  coils  and  solid  'oudding  processes  so  clearly  that  there 
cap  be  little  doubt  but  that  he  was  mistaken  as  to  its  nature. 

Stcatadcnoma. — The  sebaceous  glands  are  liable  to  varv  physi- 
ologically in  size  and  activity  within  very  wide  limits,  a  remarkable 
instance  of  excessive  hypertrophy  being  found  in  the  uropygeal  gland 
of  some  birds,  an  enormous  sebaceous  gland  situated  at  the  base  of 
the  tail,  the  secretion  of  which  is  used  in  preening  the  feathers  (Plate 
\.n).  In  consecjuence  of  this  variability,  the  sebaceous  glands  are  very 
apt  to  become  hypertrophied  under  pathological  conditions,  and  cause 
more  or  less  diffuse  swellings,  as  in  rhinonhyma  and  similar  affections.. 
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man}'  glands  enlarging  independently  of  each  other,  hut  preserving 
their  normal  form  (Plate  W.h,  from  a  case  of  rhinophyma).  Such 
hypertrophies  are  often  called  adenomas,  but  cannot,  strictly  speaking, 
be  regarded  as  such. 

Again,  man}-  tumors  supposed  to  arise  from  sebaceous  glands  de- 
velop prickle  cells  and  horny  material,  so  that  they  must  be  looked 
upon  as  akanthomas,  which  have  simply  invaded  the  glands,  the  latter 
taking  no  actual  part  in  the  tumor  formation. 

After  exclusion  of  such  cases,  the  number  of  genuine  .'^teatadenomas 
on  record  is  greatly  reduced;  in  fact,  Unna,  in  1894,  considered  that 
there  was  but  one  such,  that  of  Bock,  whose  drawings  and  description 
certamlv  seem  to  be  conclusive.  Pollit-zer,  reporting  a  case  in  1893, 
the  first,  according  to  him,  in  America,  remarks  that  only  about  twenty 
cases  altogether  have  been  described  up  to  that  time,  he  including  many 
which  Unna  rejects.  It  appears  then  that  these  tumors  are,  at  any  rate, 
very  uncommon,  and,  taking  the  word  steatadenoma  in  its  most  re- 
stricted sense,  can  hardly  be  considered  to  occur  at  all.* 

Eudoth.clioiuas  in  the  cutis,  as  elsewhere,  rarely  arise  from  the 
endothelium  of  the  blood  vessels.  Wolters  reports  such  a  case,  and 
gives  very  minute  descriptions,  with  excellent  drawings,  of  the  micro- 
scopical appearance,  calling  it  hemangio-endothelioma  tuberosum  mul- 
tiplex, a  name  suggested  by  Jarisch,  who  had  previously  described  a 
similar  afi'ection.  Wolters  identifies  with  his  case  many  of  those  which 
have  been  described  as  lymphendotheliomas,  syringadenomas  (Torek's 
am.nog  others),  hidrocysfadenomas,  etc. 

The  patient,  male,  aged  30,  had  hundreds  of  nodules  and  spots 
up  to  the  size  of  a  pea  scattered  over  the  breast.  The  nodules  had 
existed  for  a  long  time,  and  were  probably  congenital. 

Sections  showed  the  epithelial  covering  normal,  whilst  in  the  corium 
the  stratum  reticulare  and  subpapillare  were  thickly  crossed  with  solid 
cell  strands,  swelling  out  at  intervals  into  minute  oval  or  round  cysts, 
containiiig  a  central  hmien  filled  with  a  ping  of  colloid  material  and 
lined  with  several  layers  of  cells.  These  strands  of  cells  couM  be  traced 
arising  from  ])roliferating  endothelium  of  the  blood  vessels,  whilst  tliat 
of  thf.  lymph  spaces  was  everywhere  normal. 

Cases  are  more  frequently  reported  as  arising  from  the  endothelium 
of  the  lymph  channels,  although  most  of  these  could  probably  be  elim- 
inated, as  in  reality  epidermal. 

AschofF  and  Gaylord,  for  instance,  figure  one  which  give?  the  im- 
pression of  an  akanthoma  adenoides  cysticum   rather  than  an  endo- 

*  Since  writine  the  .ibove  Dr.  James  E.  Johnston  has  come  across  a  specimen 
of  an  undoubted  steatadenoma,  a  description  of  which,  with  photomicrographs  he 
intends  to  publish  before  long. 
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thelioma.  Mulert  describes  an  endotliclioma  of  tlie  scalp,  but  Lubarsch 
(h),  after  careful  examination,  affords  what  appears  to  be  conclusive 
evidence  that  it  was  of  epidermal  origin,  since  he  was  able  to  trace  the 
continuity  between  the  tumor  cells  and  the  germinal  layer  of  the  epi- 
dermis in  a  few  of  his  serial  sections.  Mulert's  illustration,  like  that 
of  Asclioff  and  Gaylord,  is  suggestive  of  an  akanthoma  adenoides 
cysticum. 

When  once  the  lymphendotheliomas  become  malignant,  as  udt  in- 
frequently h'appens,  it  is  difficult  to  distinguish  between  them  and  the 
carcinomas,  but  in  their  benign  stages  they  can  readily  be  recognized. 

The  endothelium  swells  up,  forming  cubical  or  polyhedral  cells, 
whicli.  by  proliferation,  give  rise  to  other  similar  ones,  distending  and 
filling  up  the  lymph  channels,  which  now  present  the  appearance  of 
solid  strands  of  epithelial  cells,  lying  irregularly  parallel  with  each 
other,  the  intervening  fibrous  tissue  becoming  greatly  thinned  out  on 
accoiuit  of  the  pressure. 

In  (he  case  figured  here  (Plate  V.c)  tb.e  tumor,  situated  on  the  hack 
of  an  adult,  was  congenital  and  had  lately  begun  to  increase  in  size. 
When  excised,  it  had  reached  the  size  of  a  hazelnut. 
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A  TUMOR  OF  THE  KIDNEY  ARISING   FROM   A   SUPRA- 
RENAL REST. 

Bv  B.  H.  Buxton,  M.D. 

SINCE  Grawitz*  sixteen  years  ago  first  classified  these  tumors 
under  the  name  of  "Struma  Hpomatosa  Suprarenalis,"  and 
pointed  out  their  origin,  numerous  cases  have  been  described 
and  in  spite  of  some  opposition,  notably  by  Sudeck,'^  who  calls  them 
"renal  adenomas,"  and  Driessen,-  who  calls  them  "endotheliomas," 
Grawitz's  views  are  now  generally  recognized  as  correct.  The  cum- 
brous title  adopted  by  him  has  been  discarded  and  the  word  "hyper- 
nephroma," as  suggested  by  Birch-Hirschfeld,  appears  to  be  the  most 
suitable. 

Aberrant  fragments  of  suprarenais  are  not  at  all  uncommon,  being 
found  usually  in  the  neighborhood  of  the  suprarenal  vessels,  and  under 
the  capsule  of  the  kidney.  They  have  also  been  described  as  occurring 
in  the  liver  and  broad  ligament,  etc.  Their  size  varies  from  that  of  a 
pinhead  to  a  pea.  In  structure  they  cannot  be  distinguished  from  the 
suprarenais,  and  almost,  if  not  invariably,  contain  cortical  tissue  alone. 
Such  rests  may  remain  unchanged  throughout  life,  or  in  course  of 
time  may  take  on  pathological  characters  and  develop  into  tumors. 
As  a  rule,  this  does  not  occur  until  late  in  life,  the  patients  having 
been  over  50  years  of  age  in  most  of  the  cases  described.  The  exist- 
ence of  these  rests  may  be  explained  by  the  fact  that  the  suprarenais 
are  segmental  in  their  origin,  and  the  various  foci  may  fail  to  coalesce 
during  development. 

The  earlier  embryologists  taught  that  the  suprarenais  are  of  mesen- 
chymal origin,  but  Weldon'-  in  1885  attempted  to  show  for  Lacerta 
and  the  chick  that  they  are  derived  from  the  Wolffian  bodies.  Later 
investigators,  Rabl,"  Semon,"  and  others  claim  that  they  originate 
from  the  pronephros,  remnants  of  which  can  be  traced,  even  in  mam- 
mals, at  a  very  early  period  of  embryonic  life.  That  they  are  independ- 
ent of  the  Wolffian  body  would  seem  to  be  confirmed  by  the  fact  that 
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in  unilateral  aplasia  of  the  kidney  and  genital  ducts,  the  suprarenal  is 
almost  invariabh-  normal.  Such  cases  point  to  a  complete  absence  of 
the  Wolffian  body  and  duct,  and  that  these  arise  quite  independently  of 
the  pronephros  seems  to  have  been  conclusively  proved  by  Riickert'" 
and  Mollier.* 

I  have  recently  come  across  instances  in  two  doe  rabbits  from  the 
same  litter,  in  which,  in  one  case  on  the  right  and  in  the  other  on 
the  left  side,  there  was  complete  absence  of  the  kidney,  uterus,  and 
I'allopian  tube.  The  suprarenals  were  normal,  and  the  ovaries  and 
fimbriae  were  present,  but  the  duct  from  the  latter  ended  blindly  almost 
immediately.  In  short,  the  structures  arising  from  the  columnar  epi- 
thelium and  presumably  the  pronephros  were  present,  whilst  those  aris- 
ing from  the  Wolffian  body  and  duct  and  the  Miillerian  duct  were  ab- 
sent. Whether  derived  from  the  Wolffian  body  or  pronephros,  how- 
ever, the  suprarenals  would  be  segmental  organs  originally,  and  the 
occasional  scattering  of  the  tissue  can  thus  be  accounted  for. 

So  far  as  the  kidney  is  concerned,  the  enclosed  nests  having  once 
developed  into  tumors  may  reach  a  large  size.  Manasse'  describes 
one  the  size  of  a  man's  head.  They  may  grow  slowly  for  years  and 
then  suddenly  increase  rapidly,  or  they  may  grow  rapidly  from  the 
time  they  are  first  noticed.  In  the  earlier  stages  they  are  usually  benign 
in  character,  but  later  on,  as  a  rule,  develop  malignancy,  forming 
metastases  iii  the  liver,  lungs,  and  other  organs.  .They  occur  as  nodular 
growths  of  firm  consistence,  surrounded  by  a  definite  capsule  of  con- 
nective tissue,  from  which  trabecuke  proceed  into  the  interior,  forming 
a  network,  the  meshes  of  which  contain  columns  of  cells  supported  by 
a  fine  delicate  stroma,  consisting  almost  entirely  of  capillaries  and  small 
veins,  on  the  endothelium  of  which  the  cells  often  rest.  As  ^IcWeeney* 
remarks,  it  is  "stroma  reduced  to  its  lowest  terms."  The  cells  resemble 
those  of  the  suprarenal  cortex;  the  resemblance,  as  one  would  e.xpect, 
being  more  marked  in  the  smaller  than  in  the  larger  tumors.  The  cells 
often  contain  fat  globules  and  numerous  granules  of  glycogen.  They 
arc  fairly  large,  cylindrical,  or  polygonal,  with  a  relatively  small  nu- 
cleus, which  takes  the  usual  stains  readily. 

These  tumors  are  generally  classed  with  the  sarcomas,  chiefly  on 
account  of  the  intimate  relations  between  the  cells  and  the  capillaries, 
but,  granting  that  the  cortical  portion  of  the  suprarenal  is  derived  from 
the  pro-  or  mesonephros,  they  must  be  epithelial  (mesothelial)  in  char- 
acter, and  from  the  anatomical  standpoint  can  only  be  regarded  as  car- 
cinomas. Graupner^  and  Lubarsch"  suggest  that,  for  the  present,  this 
he  left  open. 
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The  following  is  the  case  in  (|uestion : 

Case. — Patient,  H.  J.  L..  male,  bookkeeper,  xt  sixty-seven;  admitted  to  the 
New  York  Cancer  Hospital,  January  5.  1898.  Service  of  Dr.  George  \V.  Jarman, 
to  whom  I  am  indebted  for  the  following  history. 

Ten  years  ago  was  operated  on  for  fistula  in  ano;  otherwise  always  in  good 
health. 

Siil't'OSi-d  cause  of  disrasc: — None,  unless  holding  water,  which  he  did  a  good 
deal  wliile  at  work.  Noticed  three  years  ago  that  water  did  not  pass  freely,  but 
no  other  symptoms  until  nine  months  ago,  when  he  complained  of  "swelling  of 
tlie  bowels,"  and  a  doctor  discovered  enlargement  of  rigbt  kidney.  Has  passed 
blood,  once  two  years  ago  and  again  three  weeks  ago.  Has  lost  flesh  and  strength 
and  has  a  constant  pain  in  the  back. 
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Fig.  I. — Relations  of  kidney  and  tumor,    (.x  25.) 


No  operation;  died  February  21,  1898. 

Autopsy,  February  22,  1898. — Dead,  twelve  bouts;  condition  .emaciated;  rigor 
mortis  present;  brain  not  examined. 

Thor.vx. — Heart  and  lungs  practically  normal. 

.\nD0MEN. — Intestines  normal.  Stomach. — Pyloric  end  adherent  to  a  nodule 
in  the  liver.  Walls  of  pylorus  thickened  and  infiltrated  by  continuity  froin  nodule 
in  liver.  Spleen  and  pancreas. — Normal.  Liver. — Congested  and  cirrhotic.  On 
the  under  side  is  a  nodule  about  the  size  of  a  small  orange,  which  appears  to  have 
destroyed  the  gall  bladder,  and  is  adherent  to  the  pyloric  end  of  the  stomach.  The 
tumor  has  no  definite  capsule  and  is  of  firm  consistence,  except  centrally,  where 
it  is  broken  down  into  a  cheesy  friable  mass.  Kidneys. — Left,  enlarged,  chronic 
parenchymatous  nephritis;  pelvis  contains  some  pus.     Right,    converted  into  a 
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large  sarcomatous  mass.  Bladder. — Enormously  distended  and  filled  with  dark- 
colored  urine,  fairly  clear,  with  an  amnioniacal  odor. 

Gross  Appear.'vnce  of  Tumor. — Oval,  of  firm  consistence,  studded  with 
nodules  of  various  sizes.  It  is  completely  encapsulated,  and  except  for  a  few 
fibrous  adhesions  shells  out  easily  from  the  surrounding  tissues. 

Weight,  about  looo  grms.  Length,  14  cms.  Breadth.  10  cms.  Circumference. 
long  axis,  38  cms. ;  short  axis,  30  cms. 

On  section  the  greater  part  of  the  contents  is  found  to  consist  of  friable  de- 
generated material  of  a  yellowish  color;  the  lower  part  of  the  tumor  alone  appear- 
ing to  be  in  an  active  growing  condition.  A  capsule  surrounds  the  whole;  thick 
below,  thinning  out  above,  where  it  encloses  the  degenerated  portions.  From  the 
capsule  it  extends  into  the  interior  trabecule,  forming  a  network,  in  the  meshes 
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Fig.  2. — Rows  of  active  tumor  ccli>  UMiiif^  uii  collapsed  capillaries, 
(x  200.) 

of  which  are  nests  of  tumor  tissue,  but  this  arrangement  can  only  be  observed  in 
the  actively  growing  areas. 

Microscopically  the  capsule  surrounding  the  lower  part  of  the  tumor  is  seen 
to  consist  chiefly  of  kidney  tissue,  compressed  and  more  or  less  degenerated. 
Where  the  capsule  is  thinned  out,  the  kidney  structure  cannot  be  traced.  The 
tumor  itself  is  separated  from  the  remnants  of  the  kidney  by  a  thin  capsule  of 
dense  connective  tissue,  containing  few  but  well-organized  vessels,  and  the 
trabecule  running  from  this  into  the  interior,  and  forming  septa  between  masses 
of  tumor  cells,  are  similar  in  character.    Here  and  there,  shut  in  by  the  septa  but 


A   Tumor  Arising  from   a  Suprarenal  Rest.  5 

distinct  from  them,  are  remnants  of  kidney  tissue  containing  degenerated  Mal- 
pighian  bodies  with  deposits  of  pigment. 

The  stroma  of  the  parenchyma  consists  of  thin-walled  capillaries,  some  greatly 
distended,  others  collapsed,  on  which  rest  the  cells,  mostly  in  a  single  layer,  form- 
ing long  cylindrical  ridges,  which  roughly  resemble  those  of  the  zona  fasciculata 
of  the  suprarenal  (Fig.  2). 

The  cells  themselves  are  large,  cylindrical,  or  polygonal,  with  a  small  round 
nucleus  staining  deeply  with  hematoxylin.  Degeneration,  where  the  cells  are 
numerous  and  the  capillaries  for  the  most  part  collapsed,  seems  to  proceed  rapidly 
by  a  process  of  coagulation  necrosis,  but  in  other  parts  of  the  tumor,  where  the 
capillaries  are  greatly  distended  and  the  cells  relatively  few  in  number,  hyaline 
degeneration  of  the  vessel  walls  with  fibrinous  coagulation  of  the  contents  is  a 
marked  feature,  and  the  general  appearance  that  of  an  angio-sarcoma  (cylin- 
droma).   In  many  places  the  cells  contain  fat  globules. 

The  metastatic  nodule  in  the  liver  and  infiltration  of  the  pylorus  resemble 
each  other  for  the  most  part  microscopically,  but  differ  from  the  primary  tumor 
in  the  size  of  the  cells,  which  are  much  smaller,  with  more  irregularly  shaped 
nuclei.  The  grouping  of  the  cells  around  the  capillaries  is  also  more  irregular 
than  in  the  primary  tumor,  though  on  the  whole  it  bears  a  general  resemblance 
to  it. 

Just  beneath  the  mucous  membrane  of  the  pylorus,  and  limited  to  this,  are 
numerous  small  areas,  mostly  about  the  size  of  a  pinhead,  of  colloid  degeneration. 

The  question  arises  as  to  whether  the  nodule  in  the  Hver  is  metastatic 
or  a  second  primary  tumor.  Structurally,  it  certainly  resembles  a  sar- 
coma rather  than  a  carcinoma,  whilst  the  colloid  degeneration  of  the 
cells  in  the  pylorus  would  seem  to  point  to  their  epithelial  origin.  In 
this  it  corresponds  to  the  synopses  in  descriptions  of  hypernephromas : 
"Sarcomas  from  the  morphological,  carcinomas  from  the  anatoinical 
standpoint." 

The  autopsy  had  to  be  somewhat  hurriedly  performed,  and,  the 
significance  of  the  tumor  not  being  recognized  at  the  time,  examina- 
tion of  the  suprarenals  was,  most  unfortunately,  neglected,  so  that  the 
possibility  of  the  tumor  having  ariseti  from  the  suprarenal  itself  and 
not  from  an  enclosed  rest  must  be  conceded.  But,  if  the  former  had 
been  the  case,  the  kidney  would  probably  have  been  merely  pushed 
aside  and  not  invaded,  so  as  to  form  a  capsule  to  the  tumor  with  frag- 
ments of  it  remaining  in  the'  septa.  Besides,  the  position  of  the  tumor 
corresponded  exactly  to  that  of  the  kidney,  the  extension  above  being 
about  the  same  as  the  extension  below  the  normal  position.  The  occur- 
rence of  haematuria  also  points  to  a  tumor  of  the  kidney. 


B.  H.  Buxton.  M.D. 


REFERENCES. 

All  exhaustive  list  is  not  given,  but  can  be  found  in  Graupner's  article  and  also 
in  Lubarsch  and  Ostertag's  "Ergebnisse  dcr  Pathologic  u.  Anatomic,"  Bd.  iii. 
S.  488. 

1.  Cui.LEN    "Tumor  from  Aberrant  Adrenal  in  Kid- 

ney," Johns  Hopkins  Hasp.  Bull.,  Balti- 
more, 1895,  vol.  V.  p.  37. 

2.  Dbiessen    "Untersuch.  ueber  glycogenreichc  Endo- 

theliome,"  Beitr.  r.  path.  Anat.  u.  :. 
allg.  Path.,  Jena,  1893,  Bd.  xii.  S.  65. 

3.  Graufner  "Ein    nialignes    Hypernephrom."     ibid., 

1898.  Bd.  xxiv.  S.  385. 

4.  Grawitz    "Die  sogennantcn  Lipome    der    Nieren." 

Virchow's  Archiv,  1883.  Bd.  xciii.  S.  39. 

5-  Lubarsch    "Zur   Histol.    der   von    Nebennicrenkei- 

men  ausgehenden  Nierengeschwiilste." 
Virchoiu's  Archiv,  1894,  Bd.  cxxxv.  S. 
149. 

6.  McWeenev    "On    a    Kidney    Tumor    derived    from 

Suprarenal  'Rests,'  "  Brit.  Med.  Journ., 
London,  1896,  vol.  i.  p.  323. 

7.  Manasse   "Histol.  u.  Histog.  der  primiiren  Neben- 

nierengeschwiilste,"  Virchoivs  Archiv, 
1896,  Bd.  cxliii.  S.  278. 

8.  .MoLLiER    "Entstehung    dcr    Vornierensystem     bei 

Amphibien,"  Arch.  f.  Anat.  u.  Ent- 
wcklngsgesch.,  Leipzig,  1890,  S.  209. 

9.  Rabl    "Die     Entvvickelung     u.     Struktur     der 

Nebennieren  bei  Vogeln,"  Arch.  f. 
mikr.  Anat.,  Bonn,  iSgi,  Bd.  xxxviii. 
S.  492. 

10.  RucKERT    "Entstehung    der    Sekretionsorgane    bei 

Selachiern,"  Arch.  f.  Anat.  «.  Ent- 
wcklngsgesch.,  Leipzig,  1888,  S.  205. 

11.  Semon  "Ueber     die     morph.      Bedeutung     der 

Urniere,"  Anat.  An::.,  Jena,  1890,  Bd.  v. 
S.  455- 

12.  Weluon    "Origin  of  SuprarenaKs,"  Quart.   Journ. 

Micr.  Sc,  London,  1885,  vol.  xxv.  p. 
137- 

13.  SuDECK   "Ueber     die     Structur     der     Nicrenadc- 

nome,"  Virchow's  Archiv,  1893.  Bd. 
cxxxiii.  S.  40s,  and  Bd.  cxxxvi.  S. 
293-301. 


[Kei)riMlt,Ml  irom  the  JOIKXAL  OF  AI'I'l.IKL)  MICROSCOPY.  Vol.  IV.  No.  7.| 


An  Improved  Photo-Micrographic  Apparatus. 

I  have  recently  had  constructed  for  Cornell  Medical  College  a  photo-micro- 
graphic  apparatus  by  B.  &  L.,  a  description  of  which  may  be  of  interest  to  the 
readers  of  the  Journal,  since  there  are  certain  departures  from  the  regular  type 
of  outfit.  Some  of  these  departures  were  suggested  by  me,  but  tlicy  were  worked 
out  in  detail  and  put  into  practical  shape  by  the  makers.  To  begin  with,  I  will 
point  out  the  various  alterations,  all  of  which,  I  think,  are  improvements  over 
the  old  style,  and  afterwards  proceed  to  describe  the  apparatus  as  a  whole. 

In  thi  first  place,  then,  on  the  old  plai  the  optic.il  bench  and  camera  stand 
being  practically  all  in  one  piece,  the  only  way  of  finding  the  desired  field  for 
photographing  is  to  push  the  camera  back  in  its  bed  and  bend  over  to  look 
through  the  eye-piece.  In  this  uncomfortable  and  back-breaking  position  it  is 
impossible  to  manipulate  the  slide  except  by  means  of  one  of  those  clumsy 
mechanical  stages  which,  though  all  very  well  for  special  purposes  such  as  blood 
cell  counting,  are  not  to  be  compared  with  one's  fingers,  which,  after  all,  were 
made  at  a  much  earlier  date,  for  rapid  manipulation. 

In  a  Zeiss  camera  stand  which  I  had  previously  used,  the  steel  rods  on  which 
the  camera  moved  could  themselves  be  pushed  back  so  that  one  cuuld  sit  on  a 
stool  between  the  optical  bench  and  camera  stand  in  order  to  find  the  field.  The 
chief  objections  to  this  plan  are  that  the  rods  are  apt  to  sag,  and  that  the  bench 
and  stand  cannot  be  connected  into  one  solid  piece,  making  it  difficult  to  preserve 
the  exact  optical  axis,  or  arrange  a  satisfactory  method  for  mechanical  focusing. 

Two  years  ago  I  saw  at  the  Jenner  Institute  in  London  a  photo-micrographic 
outfit  with  a  revolving  optical  bench,  but  had  no  opportunity  of  examining  the 
details  or  of  finding  out  if  the  arrangement  worked  satisf  ictorily  or  not,  since  it 
was  entirely  new.  "  On  mentioning  the  idea  to  Bausch  &  Lomb,  they  suggested  a 
modification  of  one  of  their  revolving  microscopical  tables.  The  details  will  be 
described  further  on  ;  sufficient  to  say  here,  that  by  this  arrangement  I  can  sit 
comfortably  at  one  side  of  the  apparatus  and  with  my  fingers  manipulate  the  slide 
on  the  microscope  stage  as  easily  as  if  I  were  sitting  at  an  ordinary  table. 

The  camera  stand  has  a  connecting  rod  between  its  two  cast  iron  supports, 
just  above  their  feet,  and  I  then  suggested  that  the  rod  be  continued  on  to  the 
single  upright  of  the  revolving  bench  in  order  to  give  more  rigidity,  but  was  told 
that  so  low  down  it  would  be  of  no  use.  After  much  discussion,  it  was  decided 
t )  have  a  rod  connecting  the  upper  parts  (jf  the  uprights,  and  so  made  that  it 
could  be  put  up  and  clamped  in  at  the  time  of  setting  up  the  apparatus.  This 
seems  a  very  satisfactory  arrangement,  undoubtedly  adding  to  the  rigidity  and 
helping  to  keep  the  optical  bench  and  camera  stand  in  optical  axis. 

The  next  difficulty  was  how  to  manage  for  mechanical  focusing.  When  the 
bench  and  stand  are  fixed  there  is,  of  course,  no  trouble,  since  the  focusing  rod 
can  be  prolonged  under  the  fine  adjustment  of  the  microscope,  but  where  the 
bench  revolves  this  prolongation  of  the  rod  must  be  got  out  of  the  way  tempora- 
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i:;n.'i  rily  while  the  field  is  being  found.  Mr.  Bausch  asked  me  how  I  proposed  to 
effect  this,  and  I  was  forced  to  reply  that  I  had  not  the  least  idea,  but  must  leave 
it  to  him.  Mr.  Patterson,  who  had  charge  of  the  work,  came  to  the  rescue  with 
a  very  ingenious  device,  which  will  be  described  further  on. 

It  is,  however,  always  best  to  avoid  mechanical  focusing,  and  be  able  to  reach 
the  fine  adjustment  with  one's  fingers,  if  possible,  especially  for  the  higher  powers. 
In  the  H.  &  L.  stands  that  I  had  hitherto  seen,  this  appeared  to  be  an  impossi- 
bility, except  within  a  very  limited  range,  since  the  arrangement  of  the  bellows 
was  such  that  a  shorter  distance  than  fourteen  inches  could  not  be  obtained 
between  the  eye-piece  of  the  microscope  and  the  ground  glass  of  the  camera. 

Besides  this,  the  front  of  the  camera  was  always  made  the  same  size  as  the 
back,  i.  e.,  11  inches  square  for  a  G'i  x8^4  plate,  so  that  the  wrist  had  to  be 
bent  round  over  the  front  to  reach  the  fine  adjustment,  thus  losing  three  or  four 
inches  of  distance  for  hand  focusing. 

Not  only  is  the  hand  focusing  superior  in  accuray,  but  it  is  essential  for 
another  reason  to  be  able  to  get  the  ground  glass  close  up  to  the  front,  since  the 
upto-date  apochromatic  lenses  will  stand  very  high  eye-piecing,  with  consequent 
shortening  of  focus.  The  higher  the  eye-piecing  the  shorter  the  focus  for  a 
given  enlargement,  as  is  illustrated  by  the  accompanying  photographs,  all  of 
which  were  made  with  this  apparatus. 

It  will  be  noticed  from  the 
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description  and  the  accompany- 
ing cut  that  the  disadvantages 
mentioned  have  been  over- 
come. With  the  new  apparatus 
I  can  bring  the  ground  glass 
as  near  as  seven  inches  from 
the  eye-piece,  and  can  focus  by 
hand  without  any  flexing  of  the 
wrist,  the  total  range  for  hand 
fi)cusing  being  about  sixteen 
inches  with  a  Zeiss  projection 
ocular.  The  choice  of  a  micro- 
scope stand  was  narrowed  down 
to  a  Zeiss  photographic  and  a 
Bausch  &  Loinb  DD,  the  latter 
of  which  was  finally  decided 
upon  since  the  former  does  not 
appear  to  offer  any  very  special 
advantages,  and  the  fine  adjust 
ment  is  situated  so  far  forward 
that  two  inches  in  length  would 
be  lost  for  hand  focusing. 

Another  improvement  sug-  Fig.  2.— Plan  of  Room, 

gested  was  in  making  the  camera  stand  entirely  of  metal.     The  wooden  bed  of 
the  old  style  is  liable  to  warp,  and  thus  throw  the  rods  out  of  true. 
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rage  130'.)  jt  would  have  been  an  advantage  to  have  had  one  of  the  rods  marked  off  in 
quarter  inches,  so  that  once  the  length  of  bellows  for  a  certain  enlargement  had 
been  accurately  measured,  the  back  of  the  camera  could  at  any  time  be  brought 
to  the  same  position  without  any  delay  in  measuring.  This  point  was  overlooked, 
but  I  have  had  quarter-inch  spaces  marked  in  white  paint  on  the  flat  surface  of 
the  upper  connecting  iron  casting,  and  this  answers  the  purpose  just  as  well. 
(See  plan  of  room.  Fig.  '2.) 

The  optical  bench  carrying  lamp,  microscope,  and  accessories  is  4  feet  by 
15  inches  and  is  a  turntable,  revolving  upon  the  supporting  column,  so  that  it 
can  be  turned  partially  round  ;  the  operator  sitting  on  a  low  stool  to  find  the  field 
and  rough  focus. 

Since  the  dark  room  is  on  the  left  of  the  apparatus,  looking  towards  the 
source  of  illumination,  the  table  has  been  constructed  to  turn  to  the  left,  and 
everything  else  is  so  arranged  that  it  can  be  manipulated  from  the  left,  thus 
obviating  any  necessity  for  walking  around  the  apparatus. 

The  accompanying  diagram  illustrates  the  plan  of  the  room.  11  x  1  .">  feet,  the 
dotted  lines  showing  the  optical  bench  in  position  for  finding  the  field.  Of  the 
camera  stand  only  the  steel  rods  on  which  the  camera  runs,  and  the  central  beam 
with  some  of  the  markings,  are  indicated.  The  lamp  and  accessories  run  on  steel 
rods,  which  are  supported  on  a  wooden  table,  supported  in  its  turn  on  leveling 
screws,  which  run  in  a  metal  groove  on  the  surface  of  the  optical  bench,  so  that 
the  table  can  be  moved  backward  or  forward  as  required. 


Fig   3-  Epithelioma    invading   l\nipli   node.     .\  70.  Lens,   Powell  & 

Leland    1    in.   apochromaiic ;    ocular,   none;   e.xposure,    'i 

sec. ;    distance   of   plate    from    hood,    70   inches. 

The   rheostat   is  a  Colt  adjustable,  and  stands  on  the  floor  just  below  the 

illuminating  end  of  the  optical  bench.     I  had  previously  used  an  automatic  arc 
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13"!^  lamp,  but  finding  that  as  a  rule  I  had  to  be  my  own  automaton,  decided  that  a 
hand  feed  lamp  would  do  better,  since  less  liable  to  get  out  of  order,  and  so  far 
have  no  reason  to  regret  the  change. 

The  condenser  and  accessories  are  the  regular  Bausch  &  Lomb,  so  need  no 
special  description.  In  the  figure  the  order  from  the  lamp  is :  (1)  condenser, 
(■J)  iris  diaphragm,  (3)  paralleliser,  (4)  ray  filter,  (5)  water  tank,  (G)  iris  dia- 
phragm shutter.  In  practice  so  far,  however,  I  have  dispensed  with  the  iris 
diaphragm,  paralleliser,  and  ray  filter,  putting  the  water  tank  next  to  the  con- 
denser, and  between  tank  and  shutter  using  a  flat  tray  on  which  ground  or  colored 
glasses,  or  a  glass  trough  containing  Zeltnow's  solution,  can  be  placed,  so  that 
the  ray  filter  can  be  changed  at  a  moment's  notice.  The  lamp  and  condenser 
are  then  arranged  so  that  the  latter  focuses  directly  on  the  substage  condenser 


Fig.    4. — Same  as   Hg.    3.  .\70,   Lens,   B.  &  L.    I    in.  apocliioniatic  ; 

ocular,    B.  &    L.    i  in.  compensation ;  e.\posuie,    i  sec ; 

distance  of  plate  from   hood,   12  inches. 

or  on  the  slide  if  no  substage  condenser  is  used.  l!y  this  means  a  tiemendous 
Hood  of  liglrt  is  thrown  on  the  object,  and  exposures  can  be  cut  down  to  a  fraction 
of  a  second  without,  so  far  as  I  can  judge,  affecting  the  results  for  the  worse. 
On  the  day  of  writing  this,  with  an  exposure  of  one-half  second,  I  photographed 
a  small  round  cell  sarcoma  '250  diameters  on  a  Cramer  slow  isochromatic. 

The  microscope  stand  rests  on  a  fi.xed  wooden  block  to  which  its  horseshoe 
foot  can  be  clamped. 

The  camera  stand,  as  seen  by  the  cut,  consists  of  two  cast  iron  uprights, 
connected  above  by  a  solid  cast  iron  beam  on  the  top  of  which  are  the  already 
mentioned  one-quarter  inch  spaces  marked  in  white  paint.  This  beam  supports 
the  steel  rods  upon  which  the  camera  runs. 
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The  front  of  the  camera  is  live  inches  square,  and  has  vertical  and  horizon- 
tal movements.  The  bellows  is  divided  into  two,  being  so  constructed  that  the 
back  part  can  be  taken  off  the  central  wooden  frame  when  a  short  focus  is 
required,  and  pushed  back  out  of  the  way.  The  ground  glass  and  plate-holder 
can  then  be  fitted  into  the  central  frame.  Both  the  back  and  central  frames  have 
vertical  and  horizontal  movements,  and  are  precisely  alike  in  every  particular,  so 
that  either  can  be  used  for  focusing  and  e,\posing. 


Fig.  5. — Same  as  Figs.  3  and  4.     x  100.  Lens  ii.  &  L.  1  in.  apochromaiik; ; 

ocular,   Y'i  inch ;  exposure,  2  sec. ;  distance  of  plate 

from   hood,  7  inches. 

With  regard  to  the  arrangements  for  locking  the  optical  bench,  and  mechan- 
ical focusing,  I   append  a  short  description. 

In  making  the  mechanical  attachment  of  a  photo- micrographic  camera  for  the 
purpose  of  operating  the  fine  adjustment  of  the  microscope,  two  points  must  be 
considered,  viz.  : 

First.  An  arrangement  whereby  the  attachment  can  be  operated  from  any 
position,  and 

Second.  The  operation  of  the  microscope  fine  adjustment  without  lost  motion 
or  back  lash. 

In  the  camera  described  above,  a  third  problem  is  presented,  in  that  the 
optical  bench  carrying  the  microscope  and  illuminating  apparatus  is  arranged  to 
rotate  upon  the  supporting  column,  enabling  the  operator  to  adjust  the  specimen, 
illumination,  and  preliminary  focus  before  connecting  the  microscope  with  the 
camera. 

It  will  be  seen  that  this  arrangement  necessitates  the  detaching  of  the  focus- 
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72  ing  rod  of  the  camera 
from  the  microscope. 
To  avoid  the  displac- 
ing and  replacing  of 
the  belt  connecting 
the  mechanism,  the 
following  arrange- 
ment is  adopted  : 

On  the  table  of 
the  optical  bench, 
directly  beneath  the 
fine  adjustment  head 
of  the  microscope,  is 
situated  a  milled 
wheel  on  suitable 
standard.  A  belt 
extends  from  this 
w  heel  to  the  fine 
adjustment  head  of 
the  microscope. 
Through  the  axis  of 
the  wheel  is  located 
a  rod  carrying  at 
the  end    toward   the 


Fig.  6. — Anthrax,  impression  preparation  from  edge  of  colony  on 
gelatin.  xyoo.  Lens,  ,'.  oil  immersion;  ocular  i  in.  compensa- 
tion;    substage  condenser,  oil  immersion  N.  A.   1.40. 

camera  a   clutch  which  can    be  quickly  connected  with  the 

focusing  rod  of  the 
camera  by  sliding 
adjustment,  oper- 
ated by  a  milled 
head.  The  optical 
bench  must  of 
course  be  brought 
to  its  proper  posi- 
tion with  relation 
to  the  camera  in 
order  to  make  this 
connection,  and, 
that  this  position 
may  be  quickly  and 
accurately  located, 
an  automatic  catch 
is  provided,  which 
catch  can  be  re- 
leased by  a  lever, 
shown  in  the  illus- 
tration. 
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TERATOMA    OF    THE    TESTIS.^ 
By  WILLIAM  B.  COLEY,  M.D., 

AND 

BERTRAM  H.  BUXTON.  M.D., 

OF    NEW    YORK. 

The  patient  who  is  the  subject  of  the  present  report  was  a  German, 
aged  twenty-seven  years,  who  has  always  been  in  perfect  health.  He  states 
that  up  to  eight  months  prior  to  December,  1900,  he  had  noticed  nothing 
abnormal  in  the  right  testis,  and  he  had  never  received  an  injury  as  far  as 
he  remembers.  About  this  time  he  observed  a  slight  enlargement  of  the 
testicle.  This  increased  uniformly,  without  pain,  until  the  time  of  my  first 
observation,  December  10,  1900.  Physical  examination  then  showed  a 
tumor  about  the  size  of  an  orange,  symmetrical  in  shape,  very  firm  in  con- 
sistence, giving  all  the  characteristics  of  a  sarcoma  of  the  testis,  which  was 
the  clinical  diagnosis  made.  The  glands  of  the  groin  were  not  enlarged 
and  general  health  was  perfect.  On  December  12,  I  operated,  removing  the 
testis  and  the  cord  up  as  far  as  the  internal  ring.  (See  Fig.  3.)  The 
wound  healed  without  suppuration  and  the  patient  has  been  in  good  health 
since. 

Pathological  Report  on  Tumor  of  Testis. — The  tumor  is  about  the 
size  of  an  orange,  the  testis  forming  a  flattened  cap  over  the  upper  part. 
Both  tumor  and  testis  appear  to  be  contained  together  in  the  tunica 
albuginea,  although  the  former  is  enveloped  by  a  separate  capsule  of 
connective  tissue,  from  which  the  testis  can  be  peeled  ofif  without  tear- 
ing. 

On  .section  the  tumor  is  found  to  consist  chiefly  of  tough,  semitrans- 
lucent  material  containing  numerous  minute  cysts.  (Figs.  2  and  3.)  Mi- 
croscopical examination  shows  a  teratoma  with  all  three  germinal  layers 
represented. 

The  ectoderm  by  cysts  lined  with  flat,  stratified  granulosum  and  for- 
mation of  horny  material.  Hair  follicles  and  glandular  appendages  are 
absent. 

The  mesoderm   by  islands  of  hyaline  cartilage  with  a  tendency  in  a 

'  Read  before  the  New  York  Surgical  Society,  March  27,   1901. 
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few  places  towards  ossification ;  mucoid  and  spindle  connective-tissue  cells 
resembling  those  found  in  the  embryo,  and  involuntary  muscle  fibres. 

The  entoderm  by  irregular,  villous  cysts  lined  with  columnar  epithe- 
lium and  containing  mucus.  The  larger  cysts  have  lost  their  villosiiies, 
and  the  lining  epithelium  has  become  more  or  less  flattened,  presumably 
owing  to  pressure.  The  walls  are  composed  of  embryonic  connective  tissue 
interspersed  with  strands  of  involuntary  muscle  fibres. 

In  close  connection  with  the  entodermal  cysts  are  masses  of  swollen 
hyaline  cells,  lying  closely  packed  together  in  definite  alveoli  without  any 
intercellular  substance  between  them,  and  which  may  perhaps  represent 
the  chorda  dorsalis.  Wilms  has  observed  these  masses  of  cells  in  his 
cases,  and  supposes  them  to  represent  early  stages  of  stratified  epithelium, 
but  their  connection  with  the  entodermal  cysts  seems  to  point  to  their  being 
of  a  different  nature.  The  entodermal  cysts  greatly  exceed  the  ectodermal 
in  number,  and  this  condition  was  also  observed  by  Wilms.  And  these 
different  structures  are  heaped  up  together  without  any  particular  arrange- 
ment, so  far  as  can  be  observed. 

The  tumor  appears  to  be  of  a  benign  nature  in  that  it  is  enclosed 
in  a  definite  capsule,  and  the  cells  of  which  it  is  composed,  although 
embryonic  in  character,  seem  to  indicate  progressive  development  rather 
than  the  regressive  changes  observed  in  carcinomas  and  sarcomas. 

This  case,  though  very  rare,  is  interesting  chiefly  from 
a  pathological  stand-point,  and  a  very  careful  report  of  the 
microscopical  findings,  illustrated  by  photographic  reproduc- 
tions of  slides  of  the  specimen,  has  been  prepared  by  Dr.  Bux- 
ton. 

Wilms's  paper  (Bcitrage  z\ir  Pathologischen  Anatomic, 
Ziegler,  Band  xix)  is  undoubtedly  the  most  complete  and  valu- 
able work  we  have  upon  teratoid  tumors  of  the  testis,  but 
we  must  remember  that  it  was  written  entirely  from  the  point 
of  view  of  the  pathologist. 

The  material  upon  which  his  paper  is  based  comprises  ten 
tumors  of  the  testis  observed  by  himself  at  the  Pathological 
Institute  of  Giessen,  and  which  he  classes  as  "  Misch- 
geschwiilste  des  Hoden,"  and  fifteen  others,  classed  as  der- 
moid cysts,  that  he  has  collected  from  literature.  To  show 
the  confusion  that  has  existed  up  to  the  present  time,  and 
still  exists,  as  to  the  classification  of  these  tumors,  we  need 
only  to  note  that  the  original  microscopical  diagnosis  in  the 
ten  cases  which  he  classes  as  teratoid  tumors  was  as  follows : 

The  first  case  was  classed  as  a  myxosarcoma ; 
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The  second  as  a  cystosarcoma ; 

The  third  as  a  carcinoma ; 

The  fourth,  mixed  tumor  of  the  testis; 

The  fifth,  carcinoma ; 

The  sixth,  medullary  carcinoma ; 

The  seventh,  cystoma ; 

The  eighth,  cystoid  disease  of  the  testis; 

The  ninth,  cystosarcoma  of  the  testis; 

The  tenth,  teratoma,  with  malignant  degeneration. 

I  do  not  think  we  should  adhere  too  literally  to  the  view 
of  the  pathologist,  that  these  teratoid  tumors  are  non-malig- 
nant. In  two  of  Wilms's  ten  cases  the  subsequent  history 
proved  them  to  have  been  malignant,  and  in  several  of  the 
remainder  the  after-history  was  not  traced. 

F.  R.  Sturgis,  in  1899  (American  Medical  Quarterly) , 
published  a  case  of  cystoid  disease  of  testis,  or  a  doubtful 
teratoma.  The  tumor  was  malignant,  a  carcinoma,  and  the 
patient  died  less  than  a  year  after.  Sturgis  has  collected  from 
the  literature  forty  cases  of  cystoid  disease  and  tabulated 
them.  Of  these  forty  cases,  nine  showed  evidences  of  sar- 
coma; two  of  carcinoma,  in  the  specimens  removed.  Sixteen, 
however,  afterwards  died  of  metastases ;  and,  furthermore, 
the  after-history  of  twenty-two  others  was  not  traced  more 
than  a  few  months  after  operation. 

The  conclusion  must  be  that  clinically  these  tumors  are 
far  more  malignant  than  we  are  led  to  believe  by  the  patholo- 
gists. 

Teratomas  may  occasionally  develop  malignancy.  Hud- 
son, Welch's  Festschrift,  1900,  reports  an  adenocarcinoma 
arising  from  tracheal  mucous  glands  in  a  sacral  teratoma, 
and  observes  that  this  appears  to  be  a  unique  case  of  glandu- 
lar carcinoma  in  these  tumors,  since  the  few  hitherto  reported 
were  of  the  squamous-celled  variety.  Wilms  (loc.  cit.),  in 
ten  specimens  of  teratoma  of  the  testis,  considered  two  to  be 
clinically  malignant;  one  because  it  formed  secondary  nod- 
ules in  the  neighborhood  of  the  primary  growth,  and  the 
other  because  secondary  nodules  developed  in  the  liver  some 
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time  after  operation  on  the  primary  tumor.  Still,  even  in 
these  two  tumors  there  was  no  true  infiltration  of  the  neigh- 
boring tissues,  such  as  there  would  be  in  carcinoma  or  sar- 
coma. So  he  concludes  that  histologically  they  would  not 
be  considered  to  show  malignancy.  Nevertheless,  he  admits 
that  the  tissues  of  teratomas  may  develop  carcinomatous  or 
sarcomatous  degeneration,  and  for  this  reason  should  always 
be  removed,  even  if  there  is  no  immediate  danger  on  account 
of  rapid  growth. 

Etiology  of  Teratomas  or  Embryoinas. — Various  theo- 
ries have  been  advanced  to  account  for  their  origin : 

( 1 )  Two  ova  are  impregnated,  one  of  which  grows  im- 
perfectly and  is  incorporated  by  the  other.  This  seems  to 
account  for  acardiac  parasites,  and  perhaps  for  those  cases 
in  which  the  tumor  is  found  lying  loose  in  the  peritoneal 
cavity. 

(2)  Impregnation  of  one  ovum  with  splitting  off  of  one 
or  more  cells  during  segmentation  before  the  establishment 
of  the  germ  layers.  Driesch  showed  in  ascidians  and  echino- 
derms  that  in  the  two-cell  stage  of  segmentation  each  cell,  if 
separated  from  the  other,  is  able  to  develop  into  a  perfect 
embryo,  which,  however,  is  smaller  than  normal.  Wilson  in 
amphioxus,  Hertwig  and  Schultze  in  amphibia,  and  others  in 
various  animals,  have  confirmed  this,  some  observers  showing 
that  in  the  eight-  and  even  the  sixteen-cel!  stage  a  single  sepa- 
rated segmentation  cell  is  capable  of  producing  an  embryo 
normal  in  every  respect  save  that  of  size. 

Cephalic  and  sacral  teratomas  are  ascribed  to  a  similar 
process :  the  separated  segmentation  cells  becoming  enclosed 
in  the  process  of  enfolding  of  the  medullary  groove,  and  in 
later  life  producing  a  parasitic  growth. 

Next  to  the  cephalic  and  sacral  teratomas  those  of  the 
ovary  and  testis  are  most  frequent,  but,  in  the  present  state 
of  our  knowledge  of  embryology,  it  is  not  easy  to  understand 
how  separated  segmentation  cells  can  become  incorporated 
in  the  genital  organs,  and  in  consequence  the  origin  of  these 
tumors  has  been  ascribed  by  some  authors  to 
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Fic.  I. — TcnUonni  of  Testis. — t)ii  tlic  k-t'i  are  tlie  tubules  of  the  testis 
separated  from  the  tumor  itself  liy  a  baud  of  connective  tissue  form- 
ing the  capsule  of  the  tumor. 

In  the  tumor  itself  the  dark  areas  are  masses  of  cartilage.  The  cysts 
are  seen  in  places  encircled  by  a  dark  line.  This  dark  line  repre,sents 
stratified  epithelium,  whilst  those  cysts  in  which  it  does  not  occur 
are  lined  by  a  single  layer  of  cubical  or  columnar  epithelium,  the  latter 
in  some  places  ciliated. 

The  stroma,  in  which  are  scattered  the  cysts  and  islands  of  cartilage, 
is  composed  of  embryonic-looking  spindle-cells  for  the  most  part, 
whilst  surrounding  many  of  the  cysts  are  layers  of  involuntary  muscle 
fibres.  Such  cysts  probably  represent  the  intestinal  tract,  and  tlieir 
lining  cells  must  be  considered  as  of  entodermal  origin. 
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Fig.  2. —  Tciiitoina  of  Testis. — Taken  from  the  interior  of  the  tumor. 
The  islands  of  cartilage   (dark  areas)   and  cysts  are  here  larger  than  at 

the  periphery  of  the  tumor. 
The  connective-tissue  stroma  is  more  highly  organized,   as  also  are  the 

bands  of  involuntary   muscle  fibres   surrounding  many  of   the   cysts. 

These  bands  are  visible  in  the  print ;    staining  somewhat  deeper  than 

the  connective  tissue. 
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(3)  .\  partial  hermaphrodism  with  consequent  fertiliza- 
tion of  an  ovum  in  the  genital  organ  itself.  Wilms  professes 
himself  unwilling  to  speculate  rashly  on  the  origin  of  these 
tumors,  but  infers  that,  since  all  three  of  the  germinal  layers 
are  represented,  they  must  arise  from  an  impregnated  ovum. 
There  are  certain  large  cells  lying  in  the  interstitial  tissues 
of  the  testis  which  Nussbaum  supposed  to  be  undeveloped 
primordial  ova;  but  most  observers  believe  them  to  be  of 
connective-tissue  origin ;  and  Lockwood  claims  to  have  traced 
their  development  in  the  embryo  from  connective-tissue  cells, 
while  the  fact  that  in  those  animals — boar,  cat,  etc., — in  which 
they  are  specially  prominent,  they  vary  considerably  in  differ- 
ent seasons  of  the  year,  points  to  their  fulfilling  certain  un- 
known functions. 

Wilms  suggests  that,  in  view  of  Nussbaum's  opinion, 
if  the  origin  of  testicular  teratomas  could  be  traced  to  these 
cells,  it  might  furnish  a  clue  to  the  reasons  for  their  forma- 
tion. However,  although  he  admits  that  it  is  difficult  to  be 
certain,  he  concludes  from  his  observations  that  they  do  not 
arise  from  the  interstitial  tissues,  but  are  of  intracanalicular 
origin.  This  being  the  case,  he  considers  that  there  is  proba- 
bly a  partial  hermaphrodism,  and  that  an  ovum  is  impregnated 
by  a  sperm  cell  of  the  testis. 

This  might  possibly  occur  in  the  majority  of  the  patients, 
since  the  tumors  usually  appear  upon  puberty ;  but  it  is  in- 
conceivable in  the  cases  reported  by  Kockel  (three  years)  and 
Lovett  and  Councilman  (three  months).  In  these  two  cases, 
at  least,  there  can  have  been  no  auto-impregnation ;  and  in- 
deed Wilms  himself  seems  to  think  that  the  tumors  are  usually 
congenital,  becoming  apparent  in  later  life. 

Bonnet  (Merkel  and  Bonnet's  Ergebnisse,  1899)  points 
out  that  in  cases  of  hermaphrodism,  even  in  lower  vertebrates, 
ripe  sex  cells  of  only  one  kind  are  found,  those  of  the  other 
kind,  whichever  it  may  be,  remaining  abortive. 

Partial  hermaphrodism  therefore  does  not  seem  sufficient 
to  account  for  the  teratomas. 

(4)  Parthenogenetic  fertilization  of  an  ovum  according 
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to  Pfannenstiel  and  his  followers.  This  might  conceivably  occur 
in  the  ovary  of  an  adult,  but  would  not  account  for  those  of 
congenital  origin,  nor  could  it  occur  in  the  testis.  Since  tera- 
tomas of  the  ovary  and  testis  are  precisely  alike,  it  is  probable 
that  their  origin,  whatever  it  may  be,  is  the  same,  so  that 
a  parthenogenetic  origin  may  be  ruled  out. 

(5) The  same  objections  apply  to  the  idea  that  fertil- 
ization of  a  polar  body  is  the  cause  of  such  tumors  in  the 
ovary.  This  theory  is  based  on  the  known  fact  that  in  cer- 
tain invertebrates  one  of  the  polar  bodies  may  become  fertil- 
ized and  develop  into  a  perfect  embryo.  It  seems  necessary, 
therefore,  to  return  to  the  separated  segmentation-cell  theory 
and  endeavor  to  make  it  account  for  these  growths.  It  has 
been  shown,  as  already  remarked,  that  single,  dislocated  seg- 
mentation cells,  even  up  to  the  sixteen-cell  stage  of  division, 
may  produce  perfect  embryo ;  and  it  may  therefore  be  assumed 
as  probable  that  any  single  segmentation  cell  up  to.  or  almost 
up  to,  the  point  of  the  formation  of  the  germinal  layers  pos- 
sesses the  potentiality  of  producing  all  of  those  layers  if 
occasion  arises.  If,  then,  such  a  segmentation  cell  be  detached 
at  the  margin  of  the  ovum,  it  would  lie  on  the  surface  of 
those  cells  which  are  destined  to  form  the  ecto"derm  and  ento- 
derm, and  would  probably  be  cast  off,  though  it  might  acci- 
dentally become  included  at  any  point  where  there  was  an 
infolding  from  the  surface.  Such  an  infolding  occurs  along 
the  dorsal  surface  of  the  ectoderm  to  form  the  medullary 
canal ;  and  here  the  cell  might  become  enclosed  and  form  a 
nucleus  for  a  cephalic  or  sacral  teratoma.  Such  an  infolding 
occurs  also  along  the  entoderm  to  form  the  chorda  dorsalis, 
and  vertebral  teratomas  have  been  reported,  although  ajjpa- 
rently  no  attempt  has  been  made  to  decide  if  they  arose  in 
connection  with  the  vertebra;  themselves  or  with  the  medullary 
canal.  This  is  a  point  which  it  would  be  difficult,  if  not  im- 
possible, to  determine,  even  if  the  attempt  were  made. 

If  a  segmentation  cell  near  the  centre  of  the  ovum  were 
detached  from  its  fellows,  it  would  have  no  chance  of  escape, 
but  would  remain  included  at  a  point  where  the  mesoderm 
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would  probably  first  make  its  appearance.  If  such  a  cell  re- 
mained entirely  surrounded  by  the  normally  increasing  tis- 
sues, it  would  probably  soon  become  absorbed,  but  on  the 
formation  of  the  body-cavity  might  happen  to  fall  into  it 
and  there  remain  alive,  gathering  strength  and  the  possibility 
of  an  independent  existence  by  drawing  in  the  serous  exuda- 
tion for  its  nourishment.  On  the  formation  of  the  genital 
ridge  the  surface  epithelium  at  this  point  becomes  columnar, 
whereas,  over  the  rest  of  the  body-cavity  it  flattens  out  into 
endothelium.  It  might  be  supposed,  then,  that  one  segmen- 
tation cell  would  be  more  likely  to  become  entangled  in  and 
enclosed  by  the  columnar  epithelium  than  the  flattened,  and 
thus  be  carried  down  into  the  ovary  or  testis,  as  the  case 
mig-ht  be. 


A  CASE  OF  MULTIPLE  ANGIOSARCOMA  OF  THE   SKIN. 

By  James  C.  Johnston,  A.B.,  M.D., 
New  Yurk. 

THE  case,  which  has  some  uncommon  features,  was  turned 
over  to  me  by  Dr.  F.  W.  Gwyer,  of  this  city,  from  his  service 
in  Bellevue  Hospital.  The  patient  was  a  child,  i6  months 
old,  well  nourished  and  in  good  health.  The  tumors,  whose  nature  was 
unsuspected,  were  scattered  in  small  number  over  the  body,  a  departure 
from  the  general  run,  in  which  the  growth  is  solitary  and  located  on 
the  head.  The  nodules  were  rather  large,  an  inch  or  more  in  diameter, 
soft,  movable,  elevated,  non-pigmented,  and  covered  by  a  smooth 
epidermis.  In  cases  of  long  standing,  thickening  of  the  homy  layer  is 
apt  to  occur.  It  is  not  possible  to  determine  whether  the  multiple 
growth  was  due  to  metastasis,  but  it  seems  fair  to  assume,  in  view  of 
their  character  and  the  age  of  the  patient,  that  the  tumors  developed  • 
simultaneously.  The  history  sheds  no  light  on  this  point.  There  was 
no  lymph-node  involvement,  and  as  nothing  further  has  been  heard 
of  the  case,  the  question  of  recurrence  must  remain  unsettled.  At  the 
operation  (October  29,  1899)  the  growths  were  found  to  be  rather 
sharply  limited  and  the  clinical  diagnosis  of  vascular  nsevi  was  made. 
The  tumor  process  being  endotheliomatous,  benign  in  most  instances, 
it  is  likely  that  excision  effected  a  complete  and  permanent  cure.  I 
am  aware  that  the  history  is  meager,  but  it  is  my  experience  that 
atypical  neoplasms  in  the  skin  are  correctly  diagnosed  only,  if  at  all,  at 
the  microscopist's  table,  and  the  histology  is  incomparably  of  greater 
importance. 

Histology. — One  tumor,  from  the  shoulder,  was  sent  to  the  labo- 
ratory of  Cornell  University  Medical  College.  It  was,  before  harden- 
ing, perhaps,  in  its  greatest  diameters,  Ij4  by  i  by  i  inch,  and 
was  shelled  out  of  the  surrounding  connective  tissue,  making  the 
exact  point  of  origin  difficult  to  determine.  The  new  formation  takes 
place  apparently  only  in  the  blood  capillaries ;  the  lymph  channels  are 
not  involved,  for  the  new  spaces  contain  blood  in  every  instance. 
Lobulation  is  apparent  even  in  the  gross  appearance,  fibrous  septa  sur- 
rounding and  separating  neighboring  tumor  masses.  This  connective 
tissue  is  not  a  new  development,  but  is  a  condensation  resulting  from 
new  growth  between  preexistent  fibers.  There  is  no  evidence  in 
the  latter  of  proliferation.     The    limit    of    the    neoplasmatic    masses 
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below  is  the  subcutaneous  fat ;  consequentl)',  it  is  probable  that  the 
capillaries  of  the  recticular  layer  next  the  adipose  tissue  furnished  the 
startmg  point  of  the  new  formation. 

The  lobules  are  made  up  of  numerous  dilated  vessels,  lined  with 
swollen  endothelium,  a  supporting  reticulum  of  delicate  areolar  tissue 
and  masses  of  cells.  The  last  are  arranged  in  concentric  rows  about  the 
vessels,  in  islands  and  in  strings,  the  individual  elements  placed  end 
to  end.  The  cells  are  round  or  cuboidal  from  pressure,  with  a  clear 
protoplasm,  having  little  affinity  for  dyes  of  any  sort,  condensed  at 
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the  periphery  into  a  false  cell  membrane  and  a  central,  round,  dittusely 
staining  nucleus,  in  a  word,  embryonic  endothelium.  The  same  type 
is  seen  in  other  endotheliomas  and  in  certain  specific  inflammations 
of  low  grade.  My  first  impression  was  that  the  new  vessels  were  formed 
before  birth,  lined  by  rather  flattened  cells,  and  that  they  proliferated 
•externally,  as  they  sometimes  do  in  other  endotheliomas.  A  further 
examination  leads  to  a  diflfereht  interpretation.  As  in  granulation 
tissue,  the  endothelium  of  the  capillaries  involved  puts  out  solid  buds 
■of  cells,  through  which  the  blood  is  forced,  hollowing  out  a  channel 
for  itself  in  their  center  in  some  instances,  in  others  finding  its  wav 
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into  a  space  formed  by  a  process  of  vacuolation,  also  in  the  central 
portion.  In  either  case,  the  new  channel  soon  becomes  Hned  by  flat- 
tened cells,  the  embryonal  bodies  reassuming  their  special  forms.  The 
process  of  vacuolation  (I  cannot  better  describe  it)  can  be  seen  in 
many  of  the  separate  islands,  the  space  empty,  since  the  blood  has  not 
yet  found  its  way  into  them.  Once  formed,  the  new  channels  widen 
rapidly.  The  strings  of  cells  can  be  explained  by  snaring  off  some 
portion  of  the  growth  by  connective  tissue,  often  seen  in  epithelial 
neoplasms.  Proliferating,  the  spread  is  along  the  line  of  least  resist- 
ance, in  single-celled  chains.  The  accompanying  photograph,  taken 
by  Dr.  B.  H.  Buxton,  is  from  another  case,  but  shows  a  condition 
identical  with  that  I  am  describing.  It  is  readily  seen  that  this  tumor 
is  by  no  means  identical  with  those  described  by  Fordyce  (Amer. 
Journ.  of  Med.  Sciences,  August,  1900)  and  Winfield  (Journ.  of 
Cut.  and  G.-U.  Dis.,  April,  1900.)  In  both  instances,  the  term  angio- 
sarcoma is  correctly  applied,  because,  although  there  are  new-formed 
vessels  (blood  and  lymph  channels  in  Winfield's  case)  cellular  pro- 
liferation occurs  in  perivascular  fibroblasts,  and  the  cells  are  spindle 
shaped.  While  endothelium  and  connective  tissue  corpuscles  are  con- 
geners, they  do  not  in  adult  life  assume  each  other's  function,  and 
tumors  derived  from  the  first  are  much  more  nearly  allied  to  epithelial 
than  to  connective  tissue  neoplasms.  If  a  precise  terminology  is  a 
desirable  thing  (it  seems  doubtful  in  specific  instances)  the  proper 
appellation  in  this  instance  would  be  hemangio-endothelioma. 

Wolters  has  recently  recounted  two  cases  {Archiv  f.  Derm.  u.  Syph., 
September,  1900,  p.  269  with  plates)  which  he  calls  hemangio-endothe- 
lioma and  hemango-sarcoma.  The  first  closely  resembles  this  case,  be- 
ing multiple,  the  tumors  brownish  and  flat  or  papular.  Endothelial 
proliferation  resulted  in  blocking  the  vessels,  a  feature  absent  here. 
Otherwise,  the  histology  is  identical.  The  second  case  belongs  to  the 
Fordyce-Winfield  type. 
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SARCOMA  AND  THE  SARCOID  GROWTHS  OF  THE  SKIN.' 
By  James  C.  Johnston,  A.B.,  M.D., 

Attending   Physician  to   the  Dispensary,    Dermatological  Department  and    In- 
structor in   Pathology,   Cornell  University  Medical   College;   Attending 
Physician  for  the  Class  of  Skin  and  Genito-Urinary  Diseases, 
Presbyterian  Hospital,  New  York. 
( From  the  Laboratory  of  Cornell  University. ) 

THE  object  of  this  paper  is  not  so  much  to  present  the  results 
of  original  investigation,  although  the  illustrative  cases  are 
unique  in  certain  features,  as  to  bring  about,  if  possible,  an 
agreement  in  the  consideration  of  the  subject  of  sarcoma  in  derma- 
tological and  general  pathological  literature.  There  is  wide  variance 
at  present.  Pathology  takes  no  notice  of  the  peculiar  growths  the  skin 
presents,  and  dermatology  ignores  work  outside  its  own  field,  so  that 
the  task  is  not  easy.  Literature  on  cutaneous  sarcoma  is  more  than 
abundant,  authors'  opinions  are  often  diametrically  opposed,  and  some 
of  the  cases  reported  are  useless  through  indefinite  wording  or  open  to 
question  from  misconception  of  their  nature.  I  have  made  no  pretense 
of  an  encyclopedic  review  of  works  on  this  neoplasm. 

The  etiology  of  the  entire  class  of  sarcoma  and  its  congeners  is 
unknown.  No  advance  in  this  regard  has  been  made  since  the  first  mem- 
ber was  described  except  that  it  is  now  fairly  safe  to  deny  a  role  to  any 
micro-organism  known.     The  statement  that  the  sarcomatous  process 
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is  a  perverted  repair  is  only  begging  the  question.    The  cells  themselves 
are  parasitic,  and  literally  prey  upon  their  host. 

This  basis  of  the  classification  used  here  is  histogenetic  solely.  In 
the  present  state  of  knowledge,  embryology  furnishes  no  solid  ground 
for  any  arrangement  of  tumors.  On  what  seems  reasonable  premises 
I  have  divided  sarcomatous  neoplasms  into  three  groups:  (i)  Fibro- 
blastic (true)  sarcoma,  (2)  the  lymphoid  celled  class,  and  (3)  sarcoid 
growths.  I  shall  review  only  so  much  of  the  symptomatology  as  is 
necessary  to  a  clear  comprehension  of  the  condition  in  point,  its  his- 
tology, its  probable  relationship  to  other  members  of  the  class  and  its 
treatment.  Endothelioma  is  excluded  because,  arising  from  lining  cells, 
it  is  in  no  sense  a  connective  tissue. 


I.    Fibroblastic  Sarcoma. 
General  Considerations. 

Symptoms.— Z^Tcoma.  is  primary,  as  in  the  cases  reported  here,  or 
forms  metastases  in  the  skin  from  internal  foci.  In  either  case  the 
neoplasm  may  be  single  or  multiple,  pigmented  in  varying  degrees  or 
perfectly  white.  It  develops  either  in  the  corium  or  in  the  subcutaneous 
tissue  (when  the  skin  is  freely  movable  over  it)  and  depending  on 
the  direction  of  its  growth  is  seen  clinically  in  the  form  of  flat  plates 
or  nodules  which  are  more  or  less  elevated  and  in  rare  instances 
pedunculated.  The  size  varies  greatly,  from  a  quarter  to  several  inches 
in  diameter,  with  perhaps  a  projection  above  the  surface  of  two  inches 
or  more.  In  case  of  injury  or  from  spontaneous  necrosis,  ulceration 
occurs,  and  in  course  of  time  the  ulcer  may  take  on  a  fimgoid  ap- 
pearance. The  course  is  quite  as  variable  as  the  clinical  picture.  Cer- 
tain spindle-celled  and  myxomatous  growths,  the  former  indistinguish- 
able from  others  rapidly  fatal,  are  not  only  indolent,  but  apparently 
remain  localized  for  life.  There  is  no  clinical  sign  by  which  to  dis- 
tinguish the  cellular  varieties  of  sarcoma. 

Primary  disease  may  appear  at  the  site  of  an  old  injury  such  as  a 
boil  (Kaposi)  or  a  scar  (fibrosarcoma.  Fig.  i),  but  tissue  injury  is 
not  a  necessary  precedent.  Hutchinson's  melanotic  whitlow,  of  which 
more  is  heard  in  Great  Britain  than  in  America,  is  a  sarcoma  of  the 
peri-ungual  fold.  A  clinical  picture  has  been  several  times  described 
in  which  a  parent  tumor,  it  may  be  a  mere  pigment  spot  on  the  skin, 
is  seen  surrounded  by  a  number  of  daughter  growths  from  which 
dissemination  may  be  extremely  rapid.  Sarcoma  sometimes  pursues 
an  extraordinary  course  as  in  the  case  recently  reported  by  IwanofT.' 
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The  neoplasm  was  a  generalized  round-celled  one,  probably  secondary 
to  a  breast  growth,  which  followed  for  two  months  its  usual  course, 
with  cachexia,  then  suddenly  developed  a  condition  resembling  an 
acute  infection,  which  terminated  fatally  in  three  weeks.  At  autopsy 
there  were  found  besides  metastases  an  hypertrophied  spleen,  fatty 
degeneration  of  the  liver,  kidneys  and  heart,  and  a  general  arterial 
thrombosis  which  was  neither  septic  nor  neoplastic.  No  organisms 
could  be  demonstrated  during  life  or  after  death,  and  the  author  is  in 


Fig.  I. 


doubt  whether  an  acute  infection  was  present  or  the  sarcoma  itself 
produced  symptoms  of  systemic  poisoning. 

True  pigmented  sarcoma  arises  in  one  of  two  situations ;  in  the 
cutis,  in  spite  of  contrary  statements,  or  in  the  choroid.  Musser-  has 
reported  an  interesting  case  of  multiple  cutaneous  metastases  from  the 
eye.  A  primary  pigmented  tumor  may  be  multiple  and  its  rapidly 
growing  internal  deposits,  which  may  far  outstrip  the  parent  growth, 
should  not  be  regarded  as  the  original  foci.  (The  author  is  not  con- 
fusing this  variety  with  tumors  developing  from  njevi,  which  he  re- 
gards with  Unna  and  his  followers  as  generally  of  epithelial  origin. 
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It  is  conceivable  that  tlicy  may,  however,  arise  at  times  from  endo- 
thelium. Sight  should  not  be  lost  of  the  fact  that  Lubarsch's  doubts 
as  to  their  carcinomatous  character  are  shared  by  many  others.) 

Prognosis  depends,  aside  from  a  history  of  indolence  and  absence 
of  metastasis,  on  certain  histological  features  to  be  discussed  later,  the 
type  of  cell,  the  blood  supply,  amount  of  intercellular  substance,  and 
presence  of  encapsulation  and  pigment.  It  is  my  belief  that  all  pig- 
mented sarcomas,  when  that  pigment  is  autochthonous,  are  malignant 
from  the  beginning.  The  difficulties  in  this  connection  are  readily 
understood  since  it  is  common  knowledge  that  sarcoma  may  change 
all  its  characters  within  a  week,  but,  in  general,  all  rapidly  growing 
neoplasms  of  this  nature,  not  myxomatous,  with  little  intercellular  sub- 
stance and  infiltrating  the  surrounding  tissue,  are  of  the  gravest  prog- 
nosis. Fibrosarcoma  and  myxosarcoma  are  sometimes  benign;  the 
general  rule  is  that  metastasis  from  them  is  late.  Encapsulation  bet- 
ters the  outlook  by  preventing  spread.  A  sarcoma  seems  to  grow  as 
easily  with  a  rich  as  with  a  poor  blood  supply  in  certain  instances,  but 
ordinarily  wlien  it  is  abundant,  with  vessel  walls  not  fully  formed  or 
absent,  growth  is  rapid.  Spontaneous  involution  is  sometimes  seen. 
As  to  the  cell  type,  the  further  it  departs  from  the  fibroblastic  form 
(barring  giant  cells)  the  more  malignant  it  is. 

Histology. — Sarcoma  is  ordinarily  divided  according  to  the  type 
of  its  cells  into  spindle  (fusocellular,  Unna),  round  and  myeloid  or 
giant-celled  forms.  Giant  cells  may  occur  in  either  of  the  first  two 
types,  rarely  appear  as  constituting  even  the  major  portion  of  a  tumor, 
and  have  no  special  significance  except  that  when  abundant  their  num- 
ber points  to  a  bony  origin.  (See  also  Buxton.-)  They  are  probably 
developmental  anomalies  in  every  instance,  even  in  myeloid  tumors, 
their  appearance  being  due  to  altered  nutrition  or  simply  the  presence 
of  foreign  bodies.  Dubreuilh  and  Venot^  have  described  a  sarcomatoid 
growth  in  which  giant-cell  formation  was  due  to  the  presence  of  minute 
fragments  of  oyster  shell,  and  cite  another  in  which  the  same  appear- 
ance was  caused  by  particles  of  nettle.  These  discoveries  are  vastly 
suggestive.  Spindle  and  round  cells  are  capable  of  direct  transforma- 
tion, one  into  the  other,  so  that  in  reality  there  is  one  sarcoma  which 
originates  from  the  fibroblasts  either  of  the  adventitia  of  vessels  or  of 
ordinary  connective  tissue.  I  will  not  venture  to  assert  that  at  the  out- 
set all  sarcoma  cells  are  spindles,  but  it  seems  probable.  The  type 
of  cell  from  which  a  growth  takes  its  name  may  be  perfectly  preserved 
throughout,  or  may  change  in  the  same  tumor  so  that  its  cells  appear 
spindled  in  one  part  and  round  in  another.  This  anaplasia  is  illustrated 
in  the  following  case : 


I  Case  I.     Perit/iclial  Sarcoma.     Metastasis  in  lymph  node,  showing  peri- 

II  the  Hat  arrangement  be  tow  and  round-celled  growth  outside  capsule.  A  little- 
U  lymphoid  tissue  to  left,     .x  /o- 
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Case   I.     Perithelial,    spnid/c-i,//,-i/  sarcoiiia,  vessel  lumen  showing   in 
<ell  masses.     Lymph  node  metastasis,     .i  3^. 


C"a.r^  //.     My.iosarcoma.     x  sjo. 
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Case  I.  Fcrithclial  Sarcoma. — Male,  aged  forty-seven.  Numer- 
ous warty  tumors  scattered  over  cutaneous  surface,  two  of  which 
showed  on  examination  fibrous  tissue  only.  Two  years  ago  he  fell 
through  the  floor,  and  injured  the  forearm  just  at  the  site  of  a  large 
pigmented  neevus.  Two  months  after  the  accident,  axillary  nodes  be- 
came enlarged.  Ten  months  later,  a  swelling  about  the  size  of  the 
palm  of  the  hand  gradually  made  its  appearance  a  little  below  the 
axilla.  On  October  i,  1901,  this  was  removed  with  the  glands,  but 
in  one  month's  time  recurred  in  axilla.  The  growth  was  promptly 
excised,  but  in  the  meantime  a  tumor,  the  first  sign  of  which  was 
evidenced  in  July,  1900,  in  the  form  of  pain,  developed  in  the  abdomen. 
The  specimen  is  from  one  of  the  lyrnph  nodes  removed  at  the  sec- 
ond operation.  The  lymphoid  tissue  is  almost  entirely  replaced  by  new 
growth  within  the  capsule,  which  consists  of  numerous,  probably  newly 
formed,  vessels,  surrounded  by  thick  sheaths  of  tumor  cells.  They 
are  arranged  with  their  long  axis  generally  pointing  to  the  lumen  of 
the  vessel  and  are  fibroblastic  spindles,  with  oval,  vesicular  nuclei 
and  poorly  staining  protoplasm.  The  reticulum  is  everywhere  evi- 
dent under  high  power.  At  one  point,  the  capsule  has  ruptured,  and 
the  cells,  released  from  any  restraint,  have  assumed  great  proliferative 
activity,  with  complete  change  of  form.  The  transition  is  easily  fol- 
lowed from  spindles  into  large  round  cells,  with  hyperchromatic  nuclei 
and  acidophile  protoplasm,  little  intercellular  reticular  formation  and 
few  vessels.  Rapid  growth  has  by  pressure  obliterated  the  blood  spaces 
at  points,  and  caused  necrosis.  There  is  no  trace  here  of  the  peri- 
thelial  arrangement  within  the  node,  and  very  likely,  also,  of  the 
original  growth.  This  case  illustrates  another  point :  that  it  is  not  safe 
to  generalize  to  the  extent  of  saying  that  all  neoplasms  arising  from 
nsevi  are  carcinomatous.  (Figs.  2  and  3.  Case  from  General  Memorial 
Hospital,  for  the  use  of  which,  as  well  as  all  of  the  accompanying 
photographs,  I  am  indebted  to  Dr.  B.  H.  Buxton.) 

Reference  has  just  been  made  to  the  presence  of  a  fine  fibrillar  net- 
work between  the  cells.  This  is  the  sarcoma  rcficuliim,  present  to  a 
greater  or  less  degree  in  every  sarcoma,  and  a  product  of  the  activity 
of  its  cells.  Its  formation  indicates  clearly  their  fibroblastic  deriva- 
tion. The  fibrils  are  best  demonstrated  by  a  fresh  Van  Gieson  (picro- 
fuchsin)  stain,  and  under  a  high  power.  In  a  balsam  mount  the  stain 
disappears  from  the  reticulum  after  a  very  few  days.  \\'.  C.  WhitC 
has  shown  its  presence  by  Mall's  moditication  of  Spalteholtz's'^  method 
beyond  any  possibility  of  doubt,  in  serial  frozen  sections,  each  alternate 
one  being  digested  in  pancreatin,  the  next  stained  as  usual.  The  cells 
•disapjiear   after  digestion,    leaving  the   intricate   network   intact,    and 
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showing  the  fibers  at  times  converging  to  a  central  focus,  doubtless 
some  particularly  active  cell  (Fig.  4).  The  reticulum  should  not  be 
confounded  with  remnants  of  preexistent  collagen  which  sarcoma  de- 
stroys as  it  advances,  although  the  new  material  appears  from  its  stain- 
ing to  be  composed  of  the  same  substance.  The  reticulum  is  entirely 
absent  betzceen  the  cells  of  both  carcinoma  and  endothelioma,  a  valu- 
able differential  point. 

Pigment  may  be  autochthonous ;  that  is,  probably  elaborated  in  loco, 
in  stable  combination  with  the  cell  protoplasm,  and  set  free  only  with 
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Sarcoma  Reticuhim.      Reproduced  from    While's  illusiratioii  in  -Johns 
Hopkitis  Hospital  Bulletin  "  through  kindness  of  its  editor. 


the  death  of  the  host,  or  hemorrhagic  from  capillary  rupture.  In 
either  case  it  is  both  extracellular  and  intracellular,  but  hemorrhage  is 
usually  evidenced  by  the  presence  of  red  corpuscles  outside  the  vessels. 
Autochthonous  pigment  is  always  granular,  and  Perl's  test  shows  no 
iron.  Blood  pigment  gives  the  blue  reaction  at  once.  New  vessel  for- 
mation, part  of  every  sarcoma,  will  be  considered  elsewhere. 

Theory  of  Groi^'th. — Adami's  theory'  of  the  "Causation  of  Can- 
cerous and  Other  Growths,"  adapted  to  the  sarcomas,  works  out  even 
better  than  in  epithelial  tumors,  it  seems  to  me,  although  its  distin- 
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guished  author  has  not  carried  it  so  far.  The  function  of  the  fibroblast 
is  that  which  its  name  indicates,  of  course,  and  its  office  is  never  wholly 
forgotten,  even  in  rapidly  growing,  round-celled  neoplasms.  The 
reticulum  is  the  result. 

So  long  as  a  cell  maintains  its  physiological  function,  its  "habit 
of  work,"  it  is  innocuous,  but  when  that  function  is  laid  aside  for  a 
regenerative  activity,  "habit  of  growth,"  a  tumor  is  formed,  malignant 
or  benign  as  the  surrounding  tissue  is  invaded  and  destroyed  and 
metastases  appear,  or  not.  The  fibroblast  is  not  highly  specialized,  and 
the  assumption  of  the  habit  of  growth  is  natural  under  certain  circum- 
stances  (process  of  repair). 

When,  however,  as  a  result  of  irritation  or  other  conditions  which 
cannot  be  explained,  the  growth  begins  and  spreads  by  contiguity  or 
through  the  lymph  channels,  the  activity  is  no  longer  physiological.  If 
the  habit  of  work  is  strong  in  the  fibroblasts,  a  fibroma  or  (at  least)  a 
fibro-  or  myxosarcoma  results;  if  not,  a  round  or  spindle-celled  tumor 
with  little  intercellular  substance.  This  theory  explains  the  well-known 
connection  between  sarcoma  and  scar  formation,  to  say  nothing  of 
fibroma  and  its  malign  relative.  I  have  sections  from  a  sarcoma  arising 
in  a  cicatrix,  in  which  the  gradual  transition  from  normal  fibroblast  to 
tumor  element  is  very  clear.  As  a  corollary  to  the  idea  here  pre- 
sented, it  may  be  said  that  the  greater  the  amount  of  work  done  by  the 
cell,  the  less  energy  it  has  to  put  into  growth,  consequently  the  less 
malignant  the  tumor.  We  should  expect  to  find  fibroma,  fibrosar- 
coma and  myxosarcoma  more  or  less  benign,  which  is  true.  They 
spread  slowly,  or  not  at  all,  and  metastasis  is  rare.  Very  richly  cellular 
neoplasms  are  nearly  always  malignant.  Again,  the  further  the  sar- 
comatous eel!  departs  from  the  fibroblastic  type  (barring  giant  cells, 
which  are  of  no  significance  except  for  diagnosis)  the  more  malig- 
nant it  is,  for  the  reason  that  it  is  more  incapable  of  function  and 
more  given  to  regeneration.  Unlike  carcinoma  cells,  reversion,  histo- 
logically complete,  to  the  embryonic  connective  tissue  type,  does  not 
entirely  preclude  function  in  the  shape  of  fiber  formation  in  sarcoma. 

Spiiidle-cellcd  Sarcoma,  primary  or  secondary,  pigmented  or  not, 
shows  two  types  of  cells,  in  a  pure  or  mixed  state,  large  and  small. 
The  terms  are  relative,  but  it  is  not  usual  to  find  extremes  in  the  same 
growth.  It  seems  hardly  possible,  as  Unna  says  ("Histopathologv"), 
that  spindle  cells  develop  always  from  the  adventitia  of  vessels.  I  am 
inclined  to  think  that  such  an  origin  is  more  liable  to  produce,  ulti- 
mately, a  round-celled  tumor,  as  in  Case  I.,  by  anaplasia,  but  in  all 
such  growths  the  process  of  transition  must  be  followed,  and  the  retir- 
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ulum  demonstrated  before  they  can  be  called  sarcoma.  Perithelia! 
tumors  may  arise  from  perivascular  lymph  spaces,  also,  and  morpho- 
logically their  cells  may  be  epithelioid  and  indistinguishable  from  fibro- 
blastic round  cells.  An  additional  point  of  differentiation  lies  in  the 
fact  that  endothelioma  is  intercellularly  avascular.  Fordyce*  and 
Wolters*  have  reported,  with  illustration,  typical  examples  of  peritJielial 
sarcomas  and  endotheliomas,  the  spindle-cell  type  being  pure  in  the 
former.  Winfield's'"  case  is  a  multiple  hem-lymph-angiosarcoma,  new 
formation  of  blood  and  lymph  spaces,  with  proliferation  of  fibroblasts. 

There  appears  no  reason  for  doubting  that  connective  tissue  cor- 
puscles, other  than  adventitial,  are  capable  of  taking  on  malignant 
action.  The  intercellular  substance  is  always  more  abundant  than  in 
other  sarcomas,  and  is  in  evident  relation  to  the  cells,  sometimes  seen 
to  be  continuous  with  them.  It  is  hardly  possible  to  mistake  the  new 
reticulum  for  collagenous  material  partly  destroyed  by  the  growth. 
In  alveolar  and  fibrosarcoma,  this  relationship  is  particularly  striking. 
At  times  even  a  rapidly  growing  spindle-cell  sarcoma,  in  addition  to 
the  network,  will  elaborate  a  mucoid  substance,  which,  although  the  re- 
semblance to  myxoma  is  remote,  is  called  myxosarcoma.  The  basophilic 
clear  material  lies  with  the  fibrils  between  the  cells,  and  is  evidently 
a  secretion,  not  a  degeneration,  for  the  tumor  elements  are  unchanged. 
The  onus  of  this  additional  work,  while  it  does  not  limit  the  prolifera- 
tive activity  of  the  cells,  keeps  their  malignancy  in  bounds.  Myxo- 
sarcoma is  almost  benign. 

Case  II.  Myxosarcoma. — The  patient  is  a  domestic,  of  English 
extraction,  thirty-one  years  old.  The  history  is  somewhat  indefinite, 
but  the  area,  which  shows  in  the  photograph  (Fig.  5)  atrophic  scar- 
ring, with  sessile  nodules  here  and  there,  she  says,  has  been  present 
■since  birth;  the  large  tumor  has  developed  in  four  months.  No  men- 
tion is  made  of  irritation  or  injury.  The  process  covered  an  area, 
3x23/  inches  on  the  inside  of  the  thigh.  There  was  no  pigmentation 
and  no  ulceration,  except  at  the  summit  of  the  large  mass,  where  the 
epidermis  had  entirely  disappeared.  The  flat  surface  shows  numerous 
puckered,  atrophic  spots,  where  evidently  previous  growths  have  under- 
gone regression.  The  skin  is  adherent  to  the  scars  and  sessile  nodules. 
On  section  the  growth  is  seen  to  be  everywhere  limited  by  the  sub- 
cutaneous fat.  It  is  white,  soft  and  traversed  by  numerous  vessels. 
The  large  mass  is  cylindrical,  an  inch  and  a  half  high,  by  one  in  diam- 
eter, with  a  condensation  capsule  about  its  lower  edge  and  sides. 
There  were  no  metastases. 

The  cellular  form  is  single  throughout,  a  rather  large  spindle,  with 
an  unusual  uniformity  in  size.     Tlie  cells  bear  no  particular  relation  to 
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the  blood  ves.-cis,  which  arc  nnnierous,  especially  near  the  surface,  and 
fully  formed  as  to  lining,  so  that  tliere  is  no  hemorrhage.  Mitoses 
are  fairly  common,  as  would  be  expected  in  a  tumor  of  rapid  growth. 
There  are  no  round  or  giant  cells.  The  limiting  capsule  shows  a  be- 
ginning change  of  its  fibroblasts  into  spindle  cells.  In  the  central, 
presumably  older  portion,  evidence  of  cell  division  is  less  common,  and 
in  places  the  cells  are  separated  from  each  other  by  spaces  filled  with 
a   substance  which,   in   sections  stained   with   hematein   alone,   take  a 

Fig.  5. 


CiiSt'  II.     Myxosarcoma.     Gross  appearance.     Reduced  about  one  (Quarter. 


slightly  blue  tinge.  With  picrofuchsin  and  a  high  magnification,  very 
fine  fibrils  stained  red  are  seen  traversing  the  spaces.  This  is  the 
sarcoma  reticulum,  and  the  fact  that  it  takes  an  acid  dye  prevents  its 
being  mistaken  for  mucin  precipitated  by  alcohol.  In  the  peripheral 
portions  the  cells  are  more  and  more  closely  packed  as  the  capsule 
is  approached  and  run  in  bundles  without  order.  The  growth  begins 
in  the  reticular  layer  and  remains  limited  to  it,  e.xccpt  where  ulceration 
has  occurred.      (Fig.  6.) 

Blnnd-ves?els  in  sarcoma,  even  when  of  fair  size,  show  a  simple 
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structure,  a  lining  endothelium,  with  perhaps  a  little  subemluihelial 
connective  tissue.  When  growth  is  rapid,  this  lining  may  wholly  dis- 
appear, and  vascular  spaces  are  walled  by  spindle  cells,  a  condition 
which  admits  of  free  interstitial  hemorrhage  and  consequent  pigmenta- 
tion. In  other  tumors  (I  have  never  seen  this  anomaly  in  any  organ 
except  the  skin)  endothelium  proliferates  with  the  fibroblasts,  and  pre- 
sents the  condition  illustrated  by  the  following  case: 

Case  III.  Spindlc-ccllcd  Sarcoma,  tdth  Endotliclial  Proliferation. — 
The  tumor  was  a  solitary  growth  of  long  standing,  in  a  woman  of  fifty- 
six.  It  was  about  the  size  of  a  hazelnut,  unpigmented,  with  an  irregular 
surface,  which  led  the  surgeon  who  removed  it  to  call  it  a  "papilloma." 
The  epidermis  dips,  in  places,  into  deep  sulci.  There  is  no  mention  of 
metastasis.  Histologically,  the  tumor  is  a  spindle-cell  sarcoma  of  the 
corium  of  peculiar  appearance.  With  a  low  power  of  the  microscope 
there  is  a  regular  dotting  of  the  field  by  dense  clusters  of  cells,  which 
seem  at  first  an  artefact,  but  their  regularity  and  constant  appearance 
precludes  this  notion.  The  sarcoma  cells  generally  radiate  from  these 
foci,  very  loosely  arranged  with  wide  spaces  at  the  greatest  distance 
from  the  points  referred  to.  This  spacing  may  have  been  produced  by 
the  hardening  process,  because  it  is  not  present  everywhere,  and  there 
is  no  mucinous  material  as  in  Case  II.  Chief  interest  attaches  to  the 
focal  points.  The  cells  in  them  are  arranged  in  whorls,  concentrically, 
as  in  endothelioma  of  the  dura.  They  are  spindle-shaped  from  pressure, 
with  nuclei  more  diflfusely  stained  than  the  sarcoma  cells,  and  are  lim- 
ited peripherally  by  a  fibrous  membrane,  which,  it  may  be  said,  is  some- 
times difficult  to  demonstrate  (Fig.  ").  This  appearance  is  seen  also 
in  Kaposi's  pigmented  sarcoma,  but  not  regularly.  These  whorls  are 
probably  lymph  spaces,  for  the  blood-vessels  are  fairly  numerous.  The 
reticulum  is  present  between  the  sarcoma  cells  only.  (I  have  shown 
these  sections  to  the  members  of  the  Cornell  pathological  staff,  and  to 
Professor  Adami.  of  Montreal,  who  agree  with  my  interpretation  of  the 
findings  as  to  proliferation  of  endothelium.) 

Mitosis  is  more  common  in  spindle-celled  than  in  any  other  form  of 
sarcoma.  Rapid  growth,  so  long  as  the  spindle  type  is  maintained,  is 
conducive  to  their  appearance.  When  division  is  to  occur  the  cell  be- 
comes elliptical,  and  its  protoplasm  has  a  distinctly  greater  acidophile 
tendency.  Nuclear  division  takes  generally  the  bipolar  form,  but  at 
rare  intervals  it  is  tripolar.  Figs.  8  and  9  illustrate  these  points  well, 
as  to  shape  and  nucleus.  Tripolar  division  may  be  an  early  stage  of 
giant-cell  formation,  hut  I  think  it  unlikely. 

Round-Celled  Sarcoma. — The  large  and  small  varieties  are  so  dif- 
ferent that  they  cannot,  like  the  spindles,  be  described  together. 


Fig.  7. 


Case   III.      Spind!e-celUd    sarioma    luith    endothelial   proliferation    in 
■whorls.     Large  vessel  to  left,     x  75. 


■Case  IV. 


Small  Round-Celled  Sarcoma.      Epitheloid  Fibroblasts   with 
Reticulum,     .x  2J0. 


Spindle-Ceih'd  Sarco)iia.     Bipolar  Mitosis,     x  2jo. 
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Spindle-Cellcii  Sarcoma.      Tripolar  Mitosis,     x  2^0. 
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Large,  round-celled  tumors  conform  in  type  to  tlie  anaplastic  de- 
posits in  node  and  chest  wall  metastasis  of  Case  I.  The  cells  are  derived 
from  fibroblasts  and  vary  in  size  from  that  of  a  lymphocyte  to  that  of 
the  largest  giant  cell.  The  nucleus  is  generally  densely  stained  with 
a  thin  or  wide  ring  of  acidophile  protoplasm.  True  giant  cells  are 
uncommon,  the  large  elements  having  huge,  irregular,  chromatin 
masses,  which  nearly  fill  the  body.  The  hyperchromatic  nuclei  do 
divide    occasionally,  but  even   then  do  not  form   true    myeloid  cells. 

Fig.  10. 
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Largi:  Routul-Cc/ ted  Sarcoma.     Epithelioid  Fibroblasts,     .x  3jo. 


Amitotic  division  is  the  ordinary  event,  vascular  supply  is  poor,  necrosis 
common,  and  the  reticulum  far  more  difficult  to  demonstrate  than  in 
spindle-cell  sarcoma,  because  the  habit  of  growth  has  almost  completely 
replaced  the  habit  of  work.  There  is  another  growth  of  large,  round 
cells,  which  are  epithelioid  in  appearance,  nearly  uniform  in  histological 
character,  and  almost  pure  in  type,  in  which  the  reticulum  is  easily  dem- 
onstrated and  blood  supply  abundant.  Giant  cells  are  little  apt  to  form 
in  it.     (Fig.  lo.) 

True  fibroblastic  sarcoma,  with  small,  round  cells,  has  occurred  in 
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my  experience  only  once  in  the  skin,  or  in  any  other  organ.     I  am  in- 
debted to  Professor  Evving  for  the  use  of  the  following  case : 

Cask  IV.  Small,  Round-Celled  Sarcoma. — The  patient  was  a  young 
woman,  who  had  about  eighty  of  the  tumors  scattered  over  her  body. 
The  one  from  which  the  two  sections  I  have  seen  was  taken  was  not 
more  than  half  an  incli  in  diameter,  rather  deeply  imbedded  in  the  skin, 
and  not  pigmented.  One  of  the  sections  I  stained  with  picrofuchsin; 
and  brought  out  the  reticulum  easily,  although  the  preparation  was 
eight  or  more  years  old.  The  tumor  is  enclosed  in  a  dense  condensa- 
tion capsule,  formed  by  pushing  aside  the  connective  tissue,  and  lies 
wholly  in  the  cutis.  It  is  tolerably  well  supplied  by  blood-vessels  whose 
walls  seem  fully  formed  as  to  lining  endothelium.  The  neoplastic  cells 
are  small  and  uniform  in  size,  about  the  diameter  of  a  polynuclear  leu- 
cocyte. Except  for  size,  they  are  like  the  second  variety  of  large,  round 
cells,  epithelioid,  with  a  granular  acidophile  protoplasm,  and  a  round, 
central,  vesicular  nucleus.  Mitosis  is  uncommon,  perhaps  because 
growth  is  restrained  by  the  tough  capsule.  I  cannot  make  out  that  the 
cells  have  any  particular  relationship  with  the  vessels;  they  are  too 
closely  packed.     (Fig.  ii.) 

Giant-celled  sarcoma  occurs  in  the  skin  by  extension  from  bone  mar- 
row or  periosteum,  in  the  former  case  through  the  osseous  covering. 
These  sarcomas  always  show  giant  cells,  no  matter  whether  they  grow 
without  hindrance  or  not,  in  which  they  differ  from  the  accidental 
formation  in  other  sarcomas.  The  tumor  from  the  marrow  should  be 
called  strictly  myeloid,  myelogenous,  or  medullary  sarcoma,  the  other 
periosteal,  for  the  tw-o  are  not  identical,  and  the  latter  is  more  benign. 
Xeither  forms  metastasis,  but  the  growth  may  be  multiple  at  the  start. 
Both  contain  numerous  vessels,  much  intercellular  substance,  with  a 
structure  like  that  of  epulis,  a  mass  of  small,  round  spindle,  true  myeloid 
giant  cells,  and  cells  with  hyperchromatic  nuclei,  which  have  been  called 
myeloplaxes.  The  last  term  is  probably  a  misnomer;  the  cells  are  prob- 
ably formed  as  in  perithelioma,  by  a  simultaneous  overgrowth  of  chro- 
mation  and  protoplasm.  The  nuclear  outline  is  often  fluted.  Del- 
banco"  has  reported  a  periosteal  tumor  which  existed  on  the  finger  for 
twenty-two  years.  Heurteux'-  and  Venot^''  have  collected  a  series  of 
such  cases.  I  should  bar  them  all  from  consideration  in  dermatological 
literature,  because  they  involve  the  skin,  like  a  deep  abscess,  only  by 
contiguity.  I  have  seen  one  case  in  which  the  skin  was  reddened,  and 
attached  to  a  tiny  periosteal  tumor. 

Treatment. — There  is  some  hesitancy  even  in  recommending  thor- 
ough and  early  ablation.     Putting  a  kinfe  to  a  quiescent  sarcoma  is  often 
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touching  a  match  to  a  gasoline  can.  Jt  shortens  tlie  patient's  Hfe.  A 
solitary  growth  of  small  size,  or  encapsulated,  or  of  the  fibrous  or  myxo- 
matous types  may  be  removed,  with  the  happiest  result.  It  is  almost 
useless  to  tamper  with  disseminated  tumors,  except  to  relieve  symp- 
toms ;  their  cells  surely  lurk  in  intervening  lymphatics.  However,  the 
oft'  chance  must  be  taken  in  the  beginning.  Inoperable  cases  may  be 
tried  with  Coley's  toxins,  and  oft'er  a  fair  prospect  of  success  in  selected 
instances,  from  the  fact  that  injection  may  be  made  directly  into  the 
tumor  mass.  There  is  no  doubt  that  the  toxins  have  cured,  and  have 
held  malignancy  in  check,  but  from  what  I  can  gather  at  first  hand  non- 
pigmented,  spindle-celled  sarcoma  offers  the  best  if  not  the  only  pros- 
pect of  success. 

As  to  the  therapeutic  value  of  arsenic,  divergence  of  opinion,  notable 
even  in  dermatology,  exists.  As  a  last  resort,  it  may  be  given  always 
by  injection  into  the  subcutaneous  tissue  or  into  the  tumor,  every  second 
da}'.  The  dosage  is  7  cgm.  of  cacodylate  of  sodium,  2  cgm.  of  sodium 
arsenite,  and  10  drops  of  an  equal  part  mixture  of  water  and  Fowler's 
solution,  increased  gradually  to  toleration.  Arsenic  does  exert  an  ex- 
traordinary influence  on  many  fibrous  neoplasms  of  the  skin,  and  one 
would  expect  to  find  it  useful  in  the  sarcomas  which  nearly  approach 
them. 

II.     Lymphoid-Celled  Group. 

In  tlie  present  scheme,  this  subdivision  includes  leukemia,  pseudo- 
leukemia, and  malignant  lymphoma.  The  last  is  also  variously  styled 
lymphosarcoma,  and  small,  round-celled  sarcoma,  with  little  justifica- 
tion except  that  of  usage.  It  is  not  possible  to  enter  upon  a  discussion 
of  the  relationship  of  these  disorders,  but  in  their  early  stages,  before 
lymphocytosis  appears  or  in  intervals  of  remission,  at  least,  lymphatic 
leukemia  and  Hodgkin's  disease  cannot  be  differentiated.  The  same 
absence  of  dividing  line  exists  between  pseudoleukemia  and  lymphoma. 
Nekam^*  states  only  those  cases  can  be  accepted  as  leukemic  which 
occur  in  the  course  of  leukemia;  a  correct  restriction,  but  one  which 
does  not  forbid  their  admission  to  this  group.  When  leucocytosis 
reaches  its  height,  the  difficulty,  so  far  as  leukemia  is  concerned,  is  re- 
moved. There  can  be  no  certainty  as  to  a  dift'erentiation  between 
Hodgkin's  and  lymphomatous  deposits,  but  it  is  probable  that  when  the 
lymphoid  cells  proliferate  in  the  skin,  and  especially  when  true  giant 
cells  are  formed  (providing  syphilis  and  tuberculosis  are  excluded),  we 
are  dealing  with  a  true  neoplastic  formation.  Pinckus'^^  discovery,  that 
in  leukemia  the  skin  growths  arise  from  preexistent  lymphatic  tissue, 
not  from  lymphocytes,  is  unworthy  of  consideration,  because  no  normal 
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lymphoid  tissue  exists.  He  describes  giant  cells  as  part  of  the  process 
in  his  case,  a  finding  which  throws  great  doubt  upon  his  diagnosis. 
Large  acidophile  cells  are  seen  in  certain  lymphomas,  which  are  prob- 
ably only  altered  endothelium. 

So  far  as  the  skin  is  concerned  there  is  no  question  that  all  three 
processes  produce  true  tumors.  In  leukemia  and  pseudoleukemia  the 
growths  are  derived,  according  to  both  Oertei'"  and  Nekam,  by  emigra- 
tion of  leucocytes,  increased  and  renewed  from  the  same  source ;  they 
are  metastatic  deposits  in  lymphoma.  A  large  number  of  cases  has 
lately  been  eliminated  from  this  category  by  the  discovery  of  the 
tubercle  bacillus  in  section  and  by  inoculation  of  the  nodes,  no  typically 
tubercular  changes  being  present. 

All  sorts  of  anomalous  cases  have  been  noted,  particularly  by  Ka- 
posi, in  which  it  was  impossible  to  determine  the  character  of  the  dis- 
order except  that  its  cells  were  lymphoid.  These  indeterminate  cases 
which,  according  to  him,  "may  shade  into  leukemia,  pseudoleukemia,  or 
mycosis  fungoides,"  are  described  as  follows:  They  occur  in  anemic 
females  whose  skin  on  face,  trunk,  and  extremities  becomes — except 
for  small,  healthy  islets — smooth,  pale,  red,  and  glossy.  It  is  thickened 
sufficiently  to  cause  an  appearance  of  enlargement  of  the  parts.  The 
consistency  is  doughy,  with  firmer  masses  in  deeper  parts.  The  skin 
is  hyperesthetic,  so  much  so  as  to  prevent  scratching,  although  itching 
is  intense.  All  of  the  patients  have  died,  usually  from  marasmus, 
"preceded  by  development  of  lymphatic  abscesses,  fungoid  tumors, 
adenopathy,  or  true  leukemia." 

The  lymph  nodes  in  the  three  affections  show  the  same  microscopical 
picture,  an  increase  in  the  small  round-cells,  which  pack  the  lymph 
spaces.  Hodgkin's  disease  may  be  only  a  hyperplasia  and  lymphoma 
a  tumor,  but  it  is  a  wise  man  who  can  say  where  one  process  ends  and 
the  other  begins.  Lymphoma  is  usually  seen  first  in  one  node,  pseudo- 
leukemia in  a  group,  but  this  rule  may  be  reversed.  Both  are  accom- 
panied by  grave  anemia.  Lymphocytosis,  if  it  is  ever  present,  is  not 
persistent,  as  in  leukemia.  Lymphoma  occurs  in  the  skin  only  in  metas- 
tasis, a  single  or  multiple  white  mass,  whose  nature  must  be  determined 
by  the  microscope. 

Leukemia  and  PseudoJcukcmia. — It  has  been  well  established  that 
both  a  diffuse  and  circumscribed  tumor  formation  may  occur  in  the 
■skin  in  each  of  these  affections.  The  diffuse  lesion  is  l\Tnphodermi? 
perniciosa  of  Kaposi,  and  begins  in  the  form  of  a  partly  diffuse,  partly 
localized,  eczematoid  dermatitis,  scaling,  moist,  and  intensely  prurigin- 
ous.  Gradually  the  skin  becomes  thickened  and  nodules  appear  in  it. 
here  and  there,  which  may  ulcerate.     In  Kaposi's  classical  case  there 
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was  "absolute  increase  of  white  corpuscles,"  and  at  autopsy  nodules 
were  found  in  the  pleura  and  lungs,  the  spleen  was  four  times  its  normal 
size,  and  the  bone  marrow  was  grayish  from  "excessive  leucocytosis." 

In  other  cases  nodules  appear  located  in  the  deeper  tissues,  white 
or  bluish,  with  or  without  pigmentation  and  no  involvement  of  the  inter- 
vening skin.  In  the  example  reported  by  Neuberger  there  were  two 
svnmietrical  tumors  on  the  cheeks  without  any  other  lesion.  The 
growths  are  rarely  attached  to  the  skin,  but  at  times  the  whole  cutis 
is  invaded,  and  ulceration  takes  place.  Fungoid  masses  may  develop 
on  the  ulcer,  as  in  the  transitional  cases.  Arning  reported  one  instance, 
in  which  pseudoleukemic  tumors  were  found  in  the  mouth  and  im- 
bedded in  the  muscles;  Hochsinger  and  SchilY,  a  remarkable  case  in 
a  child  of  eleven  months,  in  whom  the  tumors,  \-arying  from  a  pin- 
head  to  a  hazelnut,  were  disseminated  over  the  whole  body.  The  neo- 
plasms have  the  same  clinical  appearance  in  both  diseases. 

In  the  later  stages  of  Hodgkin's  disease  there  may  appear  a  condi- 
tion called  pseudoleukemic  prurigo,  one  case  of  which  I  have  seen.  It 
IS  evidenced  by  tiny,  pale  papules,  which  itch  furiously,  and  becoming 
excoriated  by  the  nails,  immediately  are  capped  by  a  punctate  blood 
crust.  The  skin  is  deeply  pigmented,  either  from  the  cachexia  or  as  a 
result  of  the  incessant  scratching.  Tumors  are  not  necessarily  present. 
The  phenomenon  is  not  surprising,  since  Kreibich  has  found  infiltration 
in  macroscopically  unchanged  skin. 

Histologically,  in  their  metastases,  if  we  may  use  such  a  word, 
leukemia  and  pseudoleukemia  are  identical.  The  neoplasms  can  be 
differentiated  only  by  the  blood  count,  when  it  is  characteristic,  and  by 
concomitant  symptoms.  They  begin  always  in  the  deeper  tissues,  com- 
monly at  the  junction  of  reticular  layer  and  subcutaneous  tissue,  in  the 
form  of  perivascular  sheaths  of  round-cells.  These  cells  have  the  usual 
appearance  of  lymphocytes,  a  narrow  ring  of  protoplasm,  which  takes 
basic  dyes  (methylene  blue),  surrounding  a  rounded  nucleus  usually 
diffusely  stained.  Other  forms  are  present  in  smaller  number  in  lymph- 
emia,  the  large  mononuclear  and  transitional  cells.  Myelogenous 
leukemia  or  myelemia,  as  it  is  coming  to  be  called,  while  transition 
exists  between  it  and  lymphemia,  is  not  likely  to  be  mistaken  for  the 
latter  or  for  Hodgkin's  disease  when  myelocytes  can  be  found  in  smears 
from  the  peripheral  blood  or  in  the  tumor  tissue.  They  are  difficult 
to  demonstrate  in  section.  Oertel's.^^  Nekam's  and  Kreibich's*'  cases 
seem  to  be  all  of  the  myelogenous  variety.  Polynuclear  leucocvtes  are 
sometimes  present. 

The  cells,  myelocytes,  or  lymphocytes  have  no  relation  like  that  of 
fibroblasts  to  the  intercellular  collagen.    Thev  do  not  arise  from  it,  even 
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in  lymphoma,  and  their  growth  merely  pushes  it  aside  and  does  not  de- 
stroy it  as  sarcoma  does.  In  the  nodes  and  metastases  of  the  whole 
class  it  is  not  unusual  to  find  here  and  there  a  fine  thread  which  stains 
with  orcein,  and  is  an  elastic  renmant,  caught  and  held  as  the  growth 
pushes  other  tissue  out  of  its  way.  Blood-vessels  are  few  and  pene- 
trate the  tumor  only  in  septa  between  its  cellular  masses,  not  between 
the  cells  themselves. 

Treatment. — Removal  is,  of  course,  useless.  Coley's  toxins  are 
absolutely  ineffective,  and  arsenic  is  the  only  avenue  of  escape,  generally 
a  blind  alley.  In  Arning's  case  of  pseudoleukemia  a  marked  improve- 
ment was  noted,  Touton's  recovered  entirely  under  the  use  of  the  drug, 
and  Zeisler  stated  quite  positively,  in  a  recent  address,  that  it  affords 
a  prospect  of  cure,  so  that  its  aid  should  always  be  invoked.  It  is 
given  as  in  sarcoma. 

ITT.    Sarcoid  Growths. 

"Sarcoid"  is  a  curious,  hybrid  term,  which  has.  however,  become 
intelligible  by  use.  As  the  disorders  occur,  except  in  the  rarest  in- 
stances, in  the  skin  alone,  they  have  apparently  escaped  the  notice  of 
the  general  pathologist.  Gaylord  tells  me  he  has  seen  a  growth  very 
like  benign  sarcoid  in  the  lower  animals. 

The  members  of  the  group  have  been  bones  of  contention  since  Ali- 
bert  first  described  mycosis,  or,  as  it  is  now  called,  granuloma  fungoides, 
early  in  the  nineteenth  centry.  The  class  has  close  relationship,  on  one 
hand,  with  sarcoma,  and,  on  the  other,  with  granuloma,  consequently 
with  productive  inflammation.  No  infective  agent  has  been  demon- 
strated by  culture  or  inoculation  in  the  causation  of  any  of  the  group, 
a  gap  which  may  be  filled  when  methods  are  less  faulty. 

The  diseases  to  be  considered  are:  (i)  Granuloma  fungoides;  (2) 
multiple  idiopathic  pigmented  sarcoma;  (3)  sarcomatosis  cutis,  and 
(4)  multiple  benign  sarcoid.  There  is  no  need  to  review  the  familiar 
clinical  features  of  the  first  two.  It  will  be  noted  that  there  is  singular 
unanimity  of  opinion  as  to  their  nature  among  later  histopathologists. 
Metastasis  in  internal  organs  has  been  reported  once  in  the  first  and 
in  one  doubtful  instance  in  the  second.  Except  granuloma  fungoides, 
the  class  is,   in   most   instances  amenable  to  treatment  by  arsenic. 

Granuloma  Fungoides. — Not  all  of  the  investigators  with  whose 
views  I  am  acquainted  are  agreed  that  the  disease  is  a  granuloma, 
whose  cause  has  escaped  detection,  not  a  sarcoma,  but  the  opinion  that 
such  is  its  nature,  backed  by  L"ima,  Kohncr,  Crocker,  Philippson  and 
Leredde.  Hochsinger  and  Schiff,  and  I'aync,  is  not  to  be  controverted. 
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except  on  findings  which  will  overlurn  completely  present  conceptions 
in  the  cytological  field.  Vidal  and  Paltauf '  have  made  an  effort  to 
identify  the  growth  with  lymphodermia,  on  grounds  which  are  entirely 
insufficient.  As  my  investigations  on  the  case  autopsied  by  Elliot  some 
years  ago  agree  entirely  with  Galloway's,'*  expressed  in  his  admirable 
paper,  1  shall  quote  largely  from  that  source. 

The  skin  shows  in  all  stages  of  the  disease  the  same  character  of 
cell  infiltration.  Tt  has  even  been  demonstrated  in  areas  in  which  no 
change  is  clinically  apparent.  The  process  begins  about  the  vessels  of 
the  corium,  as  well  as  round  the  sweat-gland  and  hair-follicle 
plexuses,  in  the  shape  of  an  infiltration  of  lymphocytes,  plasma 
and  mast  cells,  the  last  in  no  great  abundance,  and  a  proliferation  of 
connective-tissue  cells.  The  proliferation  furnishes  the  bulk  of  all 
the  foci.  Its  cells  are  large,  round,  oval  or  fusiform,  with  a  granu- 
lar protoplasm,  and  large,  vesicular  nuclei,  and  a  smaller  variety 
with  the  same  characteristics.  A  reticulum  is  found  between  these  cells 
at  first  like  that  of  sarcoma,  but  later  disappears  almost  entirely.  In 
early  lesions  ("in  any  stage)  these  connective  tissue  cells  divide  by 
mitosis,  but,  when  growth  becomes  rapid  in  the  tumor  period,  division 
is  amitotic  and  extremely  rapid.  .A  few  giant-cells  are  to  be  found. 
The  epidermis  is  aft'ected  secondarily,  and  shows  eczematous  changes, 
acanthosis,  intercellular  edema,  and  parakeratosis.  In  later  stages, 
simultaneously  with,  perhaps  because  of,  rapid  proliferation  and  con- 
sequent vessel  obliteration,  the  connective  cells  break  down.  Accom- 
panying; their  necrosis  there  is  change  in  the  collagen  and  elastin,  which 
finally  disintegrate.  The  epidermis  is  encroached  upon,  is  flattened, 
and  finally  disappears,  leaving  an  ulcerated  surface.  Upon  this  the 
'"tomato"  tumors  appear.  Various  organisms  have  been  found,  but 
they  were  properly  regarded  as  contaminations,  or,  like  i\Ic\'ail's'" 
"white  bacillus,"  have  failed  of  confirmation. 

Malherbe  and  Monnier^"  have  reported  a  case  in  which  there  were 
metastases  in  the  axillary,  inguinal,  bronchial,  and  mesenteric  nodes,  in 
the  breasts,  lungs,  pleura,  kidneys,  pancreas,  uterus,  ovaries,  and  heart. 
The  case  cannot  be  regarded  without  suspicion,  as  in  addition  to  the  ex- 
traordinary dissemination,  the  authors  describe  a  "marked  leucocvto- 
sis,"  and  class  it  with  l\nnphadenoma. 

Multifile,  Idiopathic,  Pigmented  Sarcoma. — Histological  findings 
are  practically  uniform  throughout  the  great  number  of  reports  now 
available.  The  disease  begins  simultaneouslv  at  several  points  on  the 
extremities,  in  the  lower  portion  of  tlie  cutis  and  subcutaneous  tissue. 
The  cells  are  spindle  shaped  and  run  in  bundles  longitudinally,  trans- 
versely and     obliquely,  their  cross  sections  giving  the  appearance  of 
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round  cells.  Mitosis  is  quite  common  and  an  intercellular  reticulum  is 
readily  demonstrable.  The  characteristic  feature  of  the  growth  is  the 
great  number  of  new  blood-vessels.  Their  endothelial  lining  is  incom- 
plete in  places  and  interstitial  hemorrhage  is  frequent.  Red  blood- 
corpuscles  and  pigment  granules  are  always  to  be  found  between  the 
spindle-cells.  The  endothelium  of  the  new  vessels  takes  on  a  prolifera- 
tive action  in  the  older  portions,  varying  in  degree  from  a  mere  swell- 
ing of  the  flat  cells  to  a  condition  in  which  the  lumen  is  completely 
blocked  by  concentric  layers,  the  cells  elliptical  from  pressure.  Invo- 
lution is  brought  about  by  death  of  the  tumor  cells,  reapsorption  of  their 
detritus  and  the  pigment  and  organization  with  the  formation  of  fibrous 
tissue  about  the  new  vessels.  Kaposi-'  has  reported  a  case  in  which 
there  were  metastases  in  the  internal  organs,  but  as  the  cells  are  de- 
scribed as  round  it  is  possible  that  the  tumor  was  not  identical  with 
the  one  under  discussion.  Lymph  nodes  are  not  involved.  Fordye*- 
thinks  that  on  account  of  the  characteristic  appearance  in  simultaneous 
multiple  growths  on  the  extremities  an  infective  agent  is  at  work. 
Wende-^  agrees  with  him.  Sellei"'  states  that  the  process  conforms 
closely  to  Torek's  definition  of  granuloma  and  ventures  to  change  the 
name  to  indicate  this  nature.  Other  authors  are  content  to  let  it  pass 
as  a  sarcoma.  Pringle's-*  finding  of  bacilli  in  the  capillaries  and  sweat 
glands   in  two  cases   lacks  confirmation. 

Sarcomafosis  Cutis. — This  disease  is  called  by  Kaposi-^  "the  third 
type  of  sarcomatosis  cutis,"  the  others  being  mycosis  fungoides  and 
lymphodermia.  It  is  seen  in  persons  of  middle  age,  in  the  form  of 
numerous,  pale  nodules,  beginning  in  the  reticular  layer  or  subcutaneous 
tissue.  The  borders  of  the  tumors  are  not  sharp,  but  shade  gradually 
into  the  surrounding  skin.  The  earliest  are  only  to  be  felt  by  careful 
palpation.  As  the  nodules  increase  in  size  they  take  on  a  reddish  tint, 
with  a  smooth,  shining  surface.  Coalescence  produces  flat,  raised 
plaques,  the  size  of  the  hand,  or  lobulated  masses  not  unlike  the  tomato 
growths  of  granuloma  fungoides.  Differing  from  multiple,  idiopathic, 
pigmented  sarcoma,  the  larger  tumors  ulcerate,  and  present  a  punched- 
out  opening  leading  to  a  larger  cavity  beneath.  There  is  no  involve- 
ment of  lymph  nodes,  and  no  change  in  the  blood,  except  anemia.  It  is 
even  stated  that  cachexia  does  not  occur. 

The  best  description  of  the  histology  is  given  by  Fendt.-'  He  says 
the  growth  is  made  up  of  large,  round  cells,  which  are  encapsulated  in 
some  nodules,  and  infiltrate  the  cutis  in  others.  The  elastic  fibers 
remain  unchanged,  but  the  collagenous  disappear  in  the  infiltrated  por- 
tions. The  cells  take  stains  well,  both  nuclear  and  protoplasmic,  at  the 
periphery  of  the  nodules,  but  at  the  center  undergo  retrograde  metamor- 
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phosis  and  lose  their  staining  power.  The  nuclei  are  fragmented. 
Large  vacuoles  appear  in  the  protoplasm  during  regression.  When  the 
necrotic  process  reaches  the  surface,  ulceration  occurs,  and  if  the 
detritus  is  emptied  out  a  cavity  with  a  small  opening  is  formed.  The 
cells  seem  to  be  epithelioid,  and  are  of  connective  origin.  (There  are 
no  illustrations.)  Blood-vessels  are  fairly  numerous.  I  can  find  no 
mention  of  a  reticulum  which  must  be  present.  Fendt  makes  an  un- 
qualified assertion  that  the  process  is  granulomatous. 

Multiple,  Benign  Sarcoid. — A  description  of  the  disease  cannot  be 
given  better  than  in  the  summary  appended  to  Boeck's  original  article-^, 
both  as  to  clinical  features  and  histologj'.  He  had  then  met  with  only 
three  cases,  unless  the  disease  called  by  Hutchinson  "Mortimer's 
^lalady"  can  be  included.  The  two  differ  in  some  particulars.  Pro- 
fessor Boeck  reports  a  fourth  case  in  the  Kaposi  Festschrift,  1901. 

"Clinically,  we  find  in  a  middle-aged,  pale,  thin  man,  groups  of 
lymph  nodes  much  swollen,  and  on  examination  a  slight  augmentation 
of  the  number  of  white  corpuscles.  At  the  same  time  there  exists  a 
widespread,  somewhat  symmetrical  eruption,  firm  nodules  of  varying 
size,  on  head  and  extensor  surfaces  of  trunk  and  extremities.  They 
range  in  size  from  a  hemp-seed  to  a  bean,  and  the  larger  have  irregular 
contours.  They  involve  the  whole  skin,  and  are  movable  with  it.  Only 
on  the  scalp  is  the  infiltration  not  palpable.  Here  only  yellowish  out- 
lines are  seen.  The  color  of  the  early  nodules  is  bright  red,  becoming 
darker,  and,  finally,  yellowish  or  brown.  Slight  scaling  occurs  on  older 
lesions.  They  show  a  tendency  to  peripheral  spreading  and  central  de- 
pression. On  the  face,  they  have  a  peculiar  appearance,  with  blue  cen- 
ter and  yellow  border,  a  feature  present  in  all  the  cases  I  have  seen. 
The  nodules  disappear  finally,  leaving,  as  a  rule,  a  loss  of  substance  in 
the  skin,  which  may  be  white  on  the  face,  yellow  on  the  back,  and  darker 
at  the  periphery  on  the  legs.  E.xudation,  ulceration  never  take  place.  A 
papular  eruption  grouped  like  lichen  planus  was  seen  on  the  inside  of 
the  thigh.  A  tendency  to  develop  at  the  site  of  old  injury  should  be 
remembered.  The  symmetry  is  not  such  as  is  found  in  affections  whose 
localization  is  evidently  determined  by  central  nerve  influence.  The 
disease  seems  to  be  benign,  and  disappears  under  arsenic,  or  perhaps 
spontaneously." 

The  histology  is  unique.  "The  areas  of  new  growth  might  be  de- 
scribed as  perivascular  sarcomatoid  tissue,  built  up  by  e.xcessively  rapid 
proliferation  of  epithelioid,  connective-tissue  cells  in  the  perivascular 
lymph  spaces,  with  little  addition  of  other  varieties.  The  tumor  soon 
begins  to  degenerate,  and  the  tissue  is  rarefied,  showing  a  network  of 
branched  connective-tissue  cells.     It  should  be  remembered  that  true 
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giant  cells  of  sarcomatous  type  were  found,  though  rarely.  Compared 
with  other  new  growths  of  the  skin  this  must  be  said  histologically 
to  possess  affinity  to  sarcoma  and  also  to  the  cases  of  pseudoleukemia 
cutis  described  by  Arning  and  others."  I  confess  I  cannot  follow  the 
last  analogy.  The  name  indicates  the  place  for  the  neoplasm,  though 
no  organism  was  found. 

Conclusions. 

The  processes  of  elimination  and  classification  are  going  on  in  sar- 
coma cutis,  as  in  other  groups,  such  as  eczema  and  the  bullous  altec- 
tions,  and  is  unquestionably  a  step  in  the  right  direction,  whether  my 
deductions  are  accepted  or  not. 

1.  The  group  may  be  divided  into  three  classes:  Fibroblastic  sar- 
coma, the  lymphoid-celled  class,  and  sarcoid  growths. 

2.  The  first  class  comprises  spindle  and  roimd-celled  tumors.  True 
giant-celled  sarcoma  is  not  primary  in  the  skin.  The  origin  is  the  same 
lor  all  types,  from  the  fibroblast.  Between  the  cells  there  is  present  in- 
van''^"v  a  delicate  reticulum,  probably  composed  of  collagen,  which 
does  not  occur  in  epithelial  neoplasms.    The  tumors  are  all  vascular. 

3.  The  lymphoid-celled  class  should  have  a  place  to  itself.  In 
lymphatic  leukemia,  Hodgkins'  disease  and  lymphoma,  the  cells  are  all 
of  one  type,  and  the  cases  show  transition  states  from  one  to  the  other. 
There  is  no  intercellular  substance  present  as  a  product  of  the  new  cells, 
there  are  no  vessels  ramifying  between  them,  and  the  preexistent  tissue 
does  not  melt  away  before  their  advance.  So  far  as  the  skin  is  con- 
cerned these  disorders  give  rise  to  true  tumor  formation,  which  may  be 
asserted  also  of  myelogenous  leukemia.  This  class  is  not  related  his- 
togenetically  to  either  of  the  other  two. 

4.  The  sarcoid  tumors  are  undoubtedly  all  fibroblastic  in  origin,  but 
two  of  them  are  probably  granulomas,  whose  organism  has  not  been 
discovered,  no  reproach  at  present.  They  are  granuloma  fungoides 
and  sarcomatosis ;  with  them  should  be  classed  Boeck's  sarkoid  as  a 
granuloma,  centainly  not  with  lymphodermia.  Modern  histologists  re- 
gard idiopathic  sarcoma  as  having  the  same  character,  but  it  closely 
approaches  sarcoma  on  one  side  and  endothelioma  on  the  other.  The 
reticulum  is  present  here,  as  in  sarcoma  and  productive  inflammations, 
but  these  neoplasms  do  not  metastasize,  and  they  are  curable  by  arsenic, 
except  granuloma  fungoides.  Perhaps  the  spindle-celled  sarcoma, 
which  disappears  under  the  same  treatment,  is  a  near  relative  to 
Kaposi's  sarcoma,  so  that  a  transition  may  be  traced  by  easy  and  well 
known  steps  from  the  most  malignant  of  neoplasms  to  benign  tumors, 
hardlv  distinguishalile  from  granuloma,  a  class  of  infective,  generallv 
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productive  neoplasms,  as  lymphoid  tumors  shade  from  lymphoma 
through  lymphemia  to  inflammatory  hyperplasia.  It  will  he  interesting 
to  see  whether  an  infectious  agent  is  ever  discovered  for  fibroblastic 
sarcoma,  or  whether  a  sharp  line  is  to  be  drawn  througih  the  sarcoid 
group,  between  it  and  granuloma. 
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FLAGELLA    STAINING    WITH    NIGHT     RI.UK. 

Lktchworth  Smith,  M.D. 
(Palhological  Laboratory,  Cornell  University  Medical  College,  jfune,  igoi.) 

The  staining  of  the  flagella  of  various  bacteria  according 
to  the  directions  given  in  most  handbooks  is  not  entirely- 
satisfactory.  Most  procedures  require  the  use  of  two  solu- 
tions,—  a  mordant  and  a  stain,  — and  this  makes  it  difficult 
to  locate  the  error  in  case  of  failure.  While  the  method 
given  below  may  not,  in  experienced  hands,  prove  better  than 
that  of  van  Ermengem  or  Pitfield-Muir,  its  simplicity  and  the 
ease  with  which  moderate  success  may  be  obtained  seem  to 
justify  bringing  it  to  the  attention  of  those  interested —  more 
especially  those  who  would  be  glad  to  find  a  process  suit- 
able for  the  use  of  students  with  limited  time  at  their  disposal. 

The  principal  details  were  obtained  from  Dr.  George  H. 
Newman,  Medical  Officer  of  Health  for  Finsbury,  London, 
and  may  be  found  in  the  second  edition  of  his  "  Bacteria" 
(John  Murray,  London). 

Materials.  —  Cultures  should  be  fresh — for  B.  typhosus, 
B.  coli  communis,  and  the  like,  si.xteen  to  twenty  hours' 
growth  on  agar. 

Slides  or  cover  glasses  may  be  used.  In  either  case  the 
surface  must  be  very  clean  and  free  from  scratches.  For 
cleaning,  nitric  acid  followed  by  absolute  alcohol  is  usually 
sufficient,  or  they  may  be  boiled  in  strong  soda  solution,  but 
a  final  washing  with  soap  and  hot  water,  and  drying  with  a 
fresh  soft  cloth,  often  leads  to  better  results.  Any  inequality 
of  the  surface  increases  the  precipitate  and  prevents  it  from 
being  washed  away.  The  slides  or  covers  should  be  care- 
fully selected,  as  even  new  material  is  often  badly  scratched. 

Flagella  stain  : 

Tannic  acid,  i  gm. 

Potassium  alum,  i  gm. 

Distilled  water,  40  c.c. 
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Dissolve  by  a  few  minutes'  shaking,  or  leave  in  tlie  incu- 
bator over  night. 

Dissolve  night  blue  '  (dry)  0.5  gm.  in  95  per  cent.,  or  absol. 
alcohol  20  CO.  Mix  these  two  solutions  thoroughly,  and  re- 
move the  heavy  precipitate  by  filtration.  The  stain  will  not 
act  satisfactorily  when  more  than  a  few  days  old,  and  unless 
used  immediately  must  be  filtered  again  directly  before  use. 

Process.  —  l .  An  emulsion  —  to  very  faint  cloudiness  —  is 
made  by  carefully  adding  one  or  two  loopfuls  of  the  fresh 
culture  to  a  small  quantity  of  distilled  water  in  a  salt-cellar. 
Avoid  scraping  the  surface  of  the  agar,  as  every  particle  of 
extraneous  material  will  stain  and  detract  from  the  final 
picture.  The  emulsion  should  be  used  as  soon  as  possible 
after  making. 

2.  Transfer  a  loopful  of  emulsion  to  clean,  dry  slide  or 
coverslip,  spread  very  gently,  and  allow  to  dry  in  the  air. 

3.  Special  fi.xation  is  unnecessary,  though  it  seems  bet- 
ter to  expose  to  a  mild  degree  of  heat  for  a  few  seconds. 
Hold  in  the  fingers. and  dry  thoroughly  rather  than  heat. 

4.  The  flagella  stain  is  filtered  on  to  the  dry  film  and  left 
in  contact  for  five  to  ten  minutes. 

5.  Wash  carefully  but  thoroughly  in  water. 

6.  Apply  a  saturated  aqueous  solution  of  gentian  violet  for 
about  two  minutes  to  stain  the  bodies  of  the  bacilli. 

7.  Wash  in  water,  dry  with  smooth  blotting  paper,  and 
mount  in  balsam. 

If  one  wishes  to  obtain  a  background  as  free  as  possible 
from  precipitate,  as  for  photographic  purposes,  it  is  better  to 
apply  the  night-blue  stain  to  the  slide  inverted  as  follows  : 

In  a  Petri  dish  are  placed  a  small  quantity  of  the  stain, 
and  a  match  stick  to  support  the  end  of  the  slide.  When 
exposed  to  the  air  a  thin  film  forms  on  the  surface  of  the 
stain.  This  should  be  pushed  aside  with  the  end  of  the  slide, 
which  is  applied  to  the  stain  face  down. 

It  is  generally  true  that  the  conditions  which  bring  about 
a  marked  staining  of  flagella,  cause  at  the  same  time  a 
heavy  precipitation  throughout  the  whole  field,  but  following 

'  Bottle  now  in  use  is  marked  "James  Strang  &  Son,  Glasgow  &  Manchester." 
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the  precautions  relative  to  filtrations,  clean  and  smooth  glass, 
inversion  of  the  preparation  (when  necessary),  and  keeping 
the  emulsion  free  /rom  particles  of  culture  medium,  the 
method  will  be  found  simple  and  satisfactory.  The  photo- 
graph is  added  through  the  kindness  of  Dr.  B.  H.  Buxton. 
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INTRODUCTION. 

As  with  many  other  infectious  diseases,  the  pathological  anatomy 
of  malarial  fever  had  been  thoroughly  studied  long  before  the  dis- 
covery of  the  parasitic  cause  of  the  disease.  Of  the  early  studies  it 
may  be  said,  from  the  standpoint  of  our  present  knowledge,  that 
they  had  nearly  exhausted  the  subject  of  the  more  evident  patho- 
logical changes  in  the  viscera,  and  were  essential,  indeed,  to  the 
final  discovery  of  the  parasite,  but  that  in  the  absence  of  a  knowledge 
of  Plasmodium  malariw  their  numerous  misconceptions  gi-eatly  de- 
tract from  their  value   for  present  pui-poses.     Of  current  writers, 
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Laveran  is  probably  most  faniiliar  with  tlie  value  of  these  studies, 
and  in  the  last  edition  of  his  work  properly  honors  them  with  abun- 
dant reference.  Since  the  discovery  of  the  pai'asite  the  entire  field 
has  been  extensively  reviewed,  principally  in  Italy  and  France,  and 
to  some  extent  in  America,  Germany  and  England. 

Nevertheless  the  records  of  close  microscopic  study  of  the  lesions 
of  ordinary  malarial  infection  :irc  by  no  means  excessively  numerous; 
much  yet  remains  to  be  learned,  possibly  from  a  microscopic  stud;f 
of  tlic  vL«ccral  lesions,  concerning  the  parasitology  of  the  disease, 
while  its  numerous  irregular  forms  still  oifer  one  of  the  most  inviting 
fields  for  pathological  research.  An  increased  value  still  attaches  to 
such  records  from  the  fact  tliat  malaria  is  seldom  fatal  in  localities 
where  a  full  clinical  history  can  be  sup])lfnicntc(l  by  a  (•<iiii])lete 
microscopic  examination  of  the  viscera. 

Considerations  of  this  nature  seem  to  justify  the  detailed  char- 
acter of  the  present  contribution,  wjiicli  consists  of  the  available 
clinical  histories  and  the  records  of  the  gmss  and  microscopic  changes 
in  the  viscera  of  several  cases  of  malaria,  together  with  a  discussion 
of  any  important  features  that  the  cases  may  present  and  their  bear- 
ing on  previous  studies. 

Most  of  the  material  was  collected  at  Camp  AVikofi",  ^lontank 
Point,  Long  Island,  and  thi>  rcniaindcr  was  secured  at  Iloosevclt 
Hospital  or  elsewhere  in  Xcw  York  City.  For  the  clinical  records 
and  notes  of  some  autopsies  of  the  ^lontauk  cases,  I  am  greatly  in- 
debted to  Dr.  Delafield  of  Xew  York,  and  to  Drs.  Cotton,  Allen,  and 
Mosher  of  Boston.  Case  I,  at  Kooscvelt  Hospital,  was  under  the 
care  of  Dr.  W.  H.  Thomson,  who  kindly  placed  the  clinical  ri'C(ird~ 
at  my  disposal.  Dr.  Eugene  Hoden.]iyl  and  Dr.  John  H.  Larkin 
have  each  kindly  contributed  luato'ial  and  autopsy  notes  of  one  case. 

.     PART  I. 

TtEPORTS   ()]•'   CASES. 

Case  I. — AJxtU-o-Antiiiiuwl  Malaria.  Siih-Aeiitc  Cuurse.  BUiml  Vuntniniiiii 
only  Crescents  for  two  icecks  before  dfoth.  I'mlmincd  Comu.  Absence  of  I'lini- 
sites  in  the  Brain.    Peculiar  Depo-^iti  <if  I'iiiiiinit  in  Renal  Ei>ithelium. 

F.  H.,  64  year.*!.  No  important  previous  illness.  Spent  some  time  in  Liinir 
Island  City,  X.  Y..  shortly  before  illness,  whieh  developed  in  New  York  City. 
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September  -J,  li;ul  a  chill  followed  by  fever  ai'.d  sweat.  Cliills  reeurred 
every  other  day  till  October  2-;i,  when  they  became  irregular  and  less 
marked.  Admitted  to  Roosevelt  Hospital,  service  of  Dr.  W.  H.  Tliomsou, 
Oct.  6,  189(5.  Diagnosis,  malaria.  Treatment,  quinine  and  giug-er,  aa.  gr.s. 
XXV-XL   daily.     Arsenic   later.    Fowler's   solution,    gt.    XV.    daily. 

The  patient  seemed  to  improve  slightly,  the  temperature  falling  gradu- 
ally, reaching  99°  V.  on  Oct.  10,  and  remaining  at  about  that  ijoint  until 
Oct.  20.  There  was  from  the  first  mai-ked  insomnia  and  tendency  toward 
mild  delirium  at  night,  partly  controlled  by  sedatives,  until  Oct.  11,  when 
the  delirium  increased,  and  periods  of  mild  coma  supervened.  About  Oct. 
Hi,  the  coma  deepened  and  became  continuous  till  death.  There  were  no 
evidences  of  ura-mia,  and  the  coma  was  clearly  of  the  malarial  type.  There 
was  one  slight  paroxysm  of  fever  on  Oct.  20-21  (101.4°),  and  on  the  23rd 
the  temperature  began  to  rise  steadily,  reaching  10S°  on  the  2oth,  just 
before  death. 

The  mine  was  passed  in  considerable  quantity,  of  acid  reaction,  1020  sp. 
g.,  and  in  the  last  two  weeks  of  the  disease  contained  a  trace  of  albumin 
and  a  few  hyaline  and  granular  casts.  Xo  mention  was  made  of  pigment 
in   the    urine. 

I  had  no  opportunity  to  examine  the  blood  until  Oct.  12,  when  it  was 
found  to  contain  an  enormous  number  of  spheroidal,  ovoidal.  and  young 
crescentic  bodies,  as  many  as  ten  appearing  in  one  field  of  the  immersion 
lens.  Prolonged  and  repeated  search  (4-5  hours)  failed  to  show  any  rings. 
There  were  the  changes  of  secondary  anaemia  with  marked  loss  of  Hb. 
and  moderate  variation  in  the  size  of  the  red  cells.  The  leucocytes  were 
slightly  reduced  in  numbers.  Mononuclears  35%;  polynuclears  60%; 
eosins  5%.  A  few  richly  pigmented  mononuclear  cells  were  seen.  Oct.  13. 
The  parasites  were  as  numerous  as  before  but  there  were  now  some 
elongated  and  apparently  full  grovs-n  crescents,  while  the  spheroidal  bodies 
were  less  numerous.  Xo  rings  seen.  Oct.  15.  The  adult  crescents  now 
outnumbered  the  smaller  forms,  which  were  however  still  rather  abundant. 
No  rings  could  be  found.  The  anaemia  appeared  rather  more  pronounced. 
There  was  no  leucocytosis,  but  the  eosins  were  still  increased.  Oct.  21. 
The  numbers  of  parasites  were  still  large  and  the  forms  were  about  equally 
divided  among  elliptical  bodies  and  adult  crescents.  Oct.  25.  Eight  hours 
before  death  the  blood  was  found  to  contain  very  few  parasites.  In  the 
course  of  this  search  S-10  young  crescents  and  spheroidal  bodies  w-ere 
encountered,  but  no  rings.  There  was  a  moderate  polynuclear  leuco- 
cytosis. 

Autopsy. — 12  hours  after  death.  The  anaemia  appeared  slight.  No 
oedema.  No  jaundice.  Lungs,  moderately  congested  and  oedematous. 
Spleen,  slightlj'  enlarged,  very  soft,  of  characteristic  slate  color.  Liver, 
slightly  enlarged,  of  characteristic  slate  color.  Stomach  and  intestine, 
negative.  Serous  mer>ibranes,  slightly  discolored  in  places.  Kidneys,  size 
about  normal;  capsules  adherent  in  places,  elsewhere  surface  is  smooth; 
cortex  slightly  irregular;  markings  distorted  in  places.  The  cortex  is 
light  red  in  color,  the  medulla  and  papillae  very  dark  red,  or  rusty.  The 
marrow  of  ribs  and  vertebrae  is  hyperaemic,  and  of  slight  chocolate  tinge. 
Brain,  moderately  oedematous;  not  discolored;  shows  no  petechiae;  the 
basal  vessels  appear  normal. 
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Microscopic  Examination. — Liver. — There  is  a  verj-  extensive  deposit  of 
pigment,  in  the  foi-m  of  discrete  and  conglomerate  grains  and  masses,  in 
the  endothelial  cells,  macrophages,  and  occasionally  in  the  liver  cells. 
Much  of  this  pigment  is  very  compact  and  dark,  and  is  evidently  of  rather 
old  formation.  The  numbers  of  pigmented  spheroidal  or  ovoid  bodies  are 
considerable,  and  many  of  these  lie  free  in  the  capillaries,  but  all  stages 
of  the  ingestion  and  destruction  of  parasites  by  phagocytic  cells  can  be 
followed.  Some  peculiar  bodies,  possibly  derived  from  malarial  organisms, 
are  to  be  seen.  One  of  those  rather  frequently  seen  is  spheroidal,  a  little 
larger  than  a  red  cell,  with  a  thick  shiny  hj'aline  outer  border,  and  show- 
ing a  central  mass  of  jellowish  pigment  granules.  In  some  of  the  larger 
vessels  there  are  several  spheroidal  bodies  twice  as  large  as  a  red  cell, 
hyaline  and  faintly  bluish  stained  throughout,  and  exhibiting  a  moderate 
nximber  of  central  pigment  granules.  A  good  many  small  pigmented 
parasites  were  seen. 

Spleen. — The  deposit  of  pigment  is  extreme.  Much  of  this  is  old  pigment 
in  compact  masses  within  phagocytes,  b\it  there  is  a  considerable  number 
of  free  pigmented  parasites,  and  all  stages  of  their  ingestion  and  destruc- 
tion can  be  seen.  Neither  rings  nor  rosettes  are  seen.  There  is  the 
usual  cellular  hyperplasia  of  the  pulp  cords. 

Marrow. — The  marrow  of  the  ribs  and  vertebra;  contains  a  moderately 
rich  deposit  of  pigment  which  is  usually  limited  to  the  phagocytes.  Verj' 
little  pigment  is  seen  in  the  vessels,  and  very  few  parasites  were  identified 
either  in  smears  or  sections.  The  eosinophile  cells  and  giant  cells  are 
increased.  The  nucleated  red  cells  are  abundant  and  some  are  slightly 
increased  in  size. 

Kielney. — There  is  a  moderate  chronic  diffuse  nephritis  with  growth  of 
new  connective  tissue  in  small  wedge-shaped  masses  in  the  cortex.  The 
glomeruli  are  apjjarently  normal.  The  tubules  show  swelling  of  the  lining 
cells,  and  in  a  few  places  the  cells  of  the  convoluted  tubules  are  necrotic. 
Thej'  all  contain  much  granular  yellowish  pigment  giving  the  reaction  of 
hsemosiderin.  Very  few  parasites  could  be  identified.  The  deposit  of  pig- 
ment, however,  is  very  abundant  and  of  peculiar  distribution.  The  glo- 
meruli contain  more  than  the  usual  number  of  pigmented  cells  of  the 
usual  character.  The  lai-ger  vessels  of  the  cortex  are  sometimes  injected 
with  blood  in  which  are  considerable  deposits  of  brown  granular  or  crys- 
talline pigment.  In  the  neighborhood  of  these  vessels  there  are  often 
many  clumps  of  similar  pigment  and  these  are  sometimes  found  in  the 
lining  cells  of  the  convoluted  tubules  which  are  elsewhere  entirely  free 
from  brown  pigment.  The  limitation  of  this  pigment  in  the  cortex  to 
the  vicinity  of  vessels,  strongly  indicates  that  the  crystalline  deposits  have 
resulted  from  the  diffusion  of  dissolved  Hb.  or  of  escaped  red  cells. 

Throughout  Ilenle's  loops,  and  especiallj-  in  the  ascending  arms  and  in 
the  collecting  and  discharging  tubules  the  number  of  clumps  of  pigment 
is  enormous.  The  vessels  here,  while  injected  with  blood,  are  nearly  free 
from  pigment,  which  lies  exclusively  in  the  iining  epitheUai  cells  of  the 
tubules,  some  cells  containing  40-50,  or  more,  clumps  in  a  single  section 
(l^late  XT,  l<"ig.  9).  These  cells,  moreover,  fail  to  show  marked  evidences 
of  granular  or  fatty  degeneration,  or  of  fragmentation,  but  their  proto- 
))]asm  is  uniformly  finely  granular,  their  edges  are  unbroken,  and  their  nu- 
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clei  michaiified.  On  close  inspection  these  jng'inent  clumps  are  found  to  be 
composed  usually  of  small  bUint-pointcd  <TvstaIs,  sometimes  of  granules, 
of  dark  brown  color,  arrang-ed  usually  in  a  rather  compact  circle  or 
siJhere.  Souu>  of  the  piguient  is  more  <litVuse.  Occasionally  a  clear  space 
surrounds  the  pigment  clump,  hut  the  g-reat  majority  of  the  pigment 
circles  lie  bare  in   the  cell. 

liidiii. — 'rin-oug-hout  the  medulla,  cerebrum,  and  cerebellum,  the  vessels 
arc  nearly  free  from  pigment  and  parasites.  In  .some  sections  from  the 
frontal  cortex  there  are  a  few  pigmented  endothelial  cells  and  an  occas- 
ional ))igmented  parasite,  but  most  capillaries,  though  considerably  in- 
jected, are  free  from  all  traces  of  parasites  or  their  derivatives.  In  uumy 
of  the  pericellular  lym|)h  spaces  throug'hotit  the  cortex  there  were  ])cculiar 
structures,  the  nature  of  which  I  have  been  unable  to  detemiine.  These 
bodies  consisted  mostly  of  elong'ated  fibrils  or  rods  with  tapering  ends, 
about  n.5  to.l  11  in  thicknes.s,  and  5-1.')  //  in  length.  They  w^ere  .sometimes 
single,  more  often  multiple,  ■  and  arranged  iu  rosettes,  or  spirals,  or  in 
concentric  layers,  or  irregularly  clumped.  They  stained  densely  with 
methylene  blue,  faintly  with  haematoxylin.  Similar  deposits  were  found 
in  other  cases  of  malaria,  and  in  one  ease  of  tuberculous  meningitis.  They 
7nay   for  the  present   be  classed   with   the   artifacts  of  nervous  ti.ssue. 

Epichitic.\l: — In  the  above  sonu'what  anomalous  ease  there  are 
<(\eral  features  of  interest.  The  development  of  a  case  of  fatal  mala- 
ria in  a  ]iatient  wlio  for  twenty-five  years  had  not  been  away  from  the 
\icinily  of  New  York  City  is  unusual.  While  autopsies  on  cases  of 
malaria  are  not  extremely  rare  in  this  hx-nlity.  they  arc  usually  cases 
which  were  infected  in  southern  latituilrs. 

While  quinine  in  moderately  large  doses,  with  arsenic,  controlled 
the  active  sporulation  of  the  parasite  and  reduced  the  temperature, 
the  treatment  failed  as  usual  to  have  any  effect  upon  the  erescentic 
forms,  which  persisted  in  enormous  numbers  until,  rather  suddenly 
in  the  last  few  days  of  the  disease,  they  disappeared  almost  entirely, 
although  the  patient  died  in  hyperpyrexia.  This  pyrexia  is  no  indica- 
tion of  a  failure  nl'  ([uininc  to  control  the  infection,  as  none  of  the 
young  forms  wen-  seen  after  Oct.  1".^,  and  the  terminal  fever  must  be 
referred  to  other  causes. 

The  prolonged  delirium  and  coma  are  tlu/  chief  ilinical  features  of 
the  case.  There  seemed  little  ground  for  ihuihting  that  the  mental 
condition  was  referable  to  the  malarial  infection,  hccause  the  t-oma 
was  established  before  tlie  urine  contained  I'asts  and  albumin:  the 
changes  in  the  urine  were  never  nuirked :  there  were  none  of  the  ustial 
concomitant  signs  of  chronic  urEemia,  such  as  a>dema,  muscular  twitch- 
ings.  etc.  The  general  condition  of  the  patient  was  typically  that  of 
malaria;  microsco]nc  evidences  of  extreme  malarial  infection  were 
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foiiiul  in  the  blood,  liver,  sjilufii,  uiarrow,  and  kidneys,  while  the  evi- 
dences of  nephritis  were  very  much  less  marked  than  those  usually  found 
in  cases  dying  in  chronic  ura>inia.  Neither  can  the  coma  be  referred 
to  the  presence  of  organisins  in  the  cerebral  vessels,  as  none  were  found 
there,  and  it  becomes  necessary  to  regard  the  cerebral  symptoms  as 
dependent  upon  other  conditions,  probably  toxic,  associated  with  the 
severe  malarial  infection.  This  conclusion  is  in  accord  with  the  evi- 
dence furnished  by  other  cases  of  the  present  series,  which  fails  to 
support  the  view  that  malarial  coma  is  always  dependent  on  the  pres- 
ence of  parasites  or  embolic  processes  in  the  cerebral  vessels.  (See 
especially  Case  VII.) 

The  most  striking  pathological  leature  of  the  ease  is  the  massing 
of  pigment  in  the  kidneys,  especially  in  the  cells  of  Ilenle's  loops.  A 
careful  review  of  the  microscopic  studies  of  the  viscera  in  malarial 
infection,  which  is  believed  to  be  fairly  complete,  fails  to  show  the 
report  of  any  similar  condition  in  uncomplicated  malarial  fever.  In 
the  studies  of  Bignami,'  Guarnieri,^  Marchiafava  and  Celli  (1887),' 
Kelsch  and  Kiener,*  Stieda,'  Bastianelli  (1894),"  Barker,'  Ben- 
venuti.  Thin,'  and  others,  the  number  of  parasites  and  deposit  of 
pigment  in  the  kidneys  are  described  as  moderate.  This  general  rule 
is  explained  by  Bignami  by  the  rapid  renal  circulation.  The  condition 
in  the  present  case  appears  to  resemble  that  found  in  the  kidneys  in 
haMnoglobinurie  malarial  fever,  in  some  cases  of  which  large  deposits 
of  pigment  have  been  found,  but  differs  from  them  in  the  peculiar  dis- 
tribution of  the  pigment,  and  in  the  absence  of  haematuria. 

On  first  observing  the  pigment  deposits  in  the  epithelial  cells  I  was 
inclined  to  regard  them  as  the  remnants  of  recent  parasites,  on  account 
of  the  close  resemblance  of  many  of  the  pigment  circles  to  those  of 
the  crescentic  bodies,  and  from  the  presence  of  vacuoles  about  some 
clumps.  Further  observations  on  this  and  other  cases,  notably  Case 
A^II,  led  to  the  conclusion,  however,  that  most  of  such  pigment  wreaths 
here  and  elsewhere  have  never  been  associated  with  parasites,  but  are 
derived  from  altered  red  cells.     In  the  present  instance  this  conclusion 

'  Am  il.  B.  Accad.  mcil.  <li  liomn,  1S90;  1803. 

5  Ibid.,  1SS7. 

3  Ibid.,  1887. 

■•.Maladies  des  pays  cliauds,  Paris,  1889. 

s  Cenlralbl.  f.  allg.  Path.  u.  path.  Anat.,  1893,  iv,  p.  321. 

"Suit.  d.  R.  Accad.  med.  di  Roma,  1893;  1894. 

'  Johns  HopVins  Hasp.  Rep.,  189.5,  v. 

«  Lancet,  INOfi,  i,  p.  1414. 
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is  based  upon  the  absence  of  any  trace  of  the  body  of  a  parasite  about 
the  pigment  clumps,  the  abundance  of  the  clumps  about  the  injected 
VI  sf^i'ls  oL'  the  medulla,  and  the  crystalline  form  and  peculiar  arrauge- 
nu'ut  of  tile  grains  of  pigment  in  many  of  the  clumps. 

Cask  II. —  1-Jsiiro-Aiiliiiiinal  Malaria.  Extrvine  Maluritil  liifKiitni.  I  c/-// 
/(((■(/(■  iiiiiiiltcru  uf  J'aivsitvs  in  Viscera,  (■■■iiieciulh/  in  tin-  llnui  Mii.sric.  Rusrttrs 
ill   the  I'lriphrrnl   Illiiuil.     ilxteusice  I'itriiK iiliilinii  iif  NcroK.v   .M<'iiihriiiirf!. 

.1.  I!.,  -lu  vi'iir.s.  Went  to  Santiago  in  .Imif.  isys,  and  reinuined  alxnit 
five  weel<s.  During'  tlie  last  two  \veel<s  he  felt  feverish  in  the  afternoon 
and  complained  of  abdominal  pain  and  diarrhosa.  Never  had  a  chill.  The 
same  symptoms  continued  during  four  weeks  after  his  return  to  New  York, 
when  he  took  no  medicine.  Lately  his  chief  complaints  have  been  weak- 
)iess  and  increasing  pallor,  but  he  has  noticed  no  recent  paroxysms.  On 
.\ugiist  i:..  lie  felt  much  worse  and  walked  to  the  hospital  with  diiSculty. 
When  tiiiit  seen  lu-  was  apparently  moribund  but  could  answer  a  few 
questions  as  above,  lie  soon  became  comatose.  The  jjulse  was  very  feeble, 
124  per  minute;  temperature  101.(1°;  respiration  40.  E.xti-eme  pallor  and 
slight  jaundice  were  noted.  On  physical  examination  the  heart  sounds 
were  very  feeble.  The  spleen  was  not  palpable  but  the  area  of  splenic 
dullness  was  enlarged.  The  vrine  was  alkaline,  sp.  g.  1014;  it  eontained 
a  little  albumin,  but  no  casts  were  seen.  During  the  night  he  vomited 
occasionally;  delirium  alternated  with  stupor;  the  pulse  failed  steadily; 
the  temperature  rose  to  103.8°  F.,  and  he  died  14  hours  after  admission. 

Autopsy. — 10  hours  after  death.  Exteriwilly,  extreme  pallor,  slight  jaun- 
dice, no  oedema.  Subcutaneous  tissues  show  a  peculiar  brownish  yellow 
discoloration.  Lungs,  moderately  congested  and  oedematous.  Heart,  size 
normal;  muscle  very  flabby  and  pale;  valves  normal;  chambers  slightly 
dilated.  Liter,  surface  and  .section  of  dark  slaty  color;  outlines  of  lobules 
indLstinct;  size  and  consistence  normal.  Spleen,  li/j  lbs.,  uniformly  en- 
larged, of  very  dark  chocolate  color,  pulp  difHuent.  Kidneys  show  signs 
of  acute  degeneration.  Ga.stro-inte.stinal  tract  shows  throughout  a  moderate 
catarrhal  inflammation,  but  no  hafmorrhages  or  erosions.  Serous  mem- 
liranes  all  show  small  areas  of  black  pigmentation.  Peritoneum  is  of  a 
(hirk  slaty  color  and  in  the  parietal  pleura  there  are  some  large  irregular 
patches  of  dense  black  pigmentation.  JIarrow  of  ribs  and  vertebra?  is 
very  hypersemic  and  of  dark  chocolate  brown  eolor.  The  lilaail  is  very 
auBemic  and  of  distinct  chocolate  tinge.     The  liraiii  could  nut   lie  examined. 

Microscopic  Examination. — Blood. — Smears  taken  on  admission  showed  a 
large  number  of  jestivo-autumnal  parasites.  Most  were  of  the  signet-ring 
form,  without  pigment,  and  all  except  the  earliest  stages  were  about 
equally  represented.  In  a  few  of  the  isrger  rings  one  or  two  fine  pigment 
grains  were  noted.  Besides  the  rings  there  were  a  good  many  older  forms 
with  chimps  of  pigment.  A  few  rosettes  were  found  in  the  blood.  The 
red  cells  showed  the  changes  of  a  severe  secondary  chlorotic  ansemia. 

Heart  Mu.'iele. — The  number  of  parasites  in  the  red  cells  tilling  mo.st  of 
the  capillaries  is  enormous.  At  many  points  nearly  every  red  cell  con- 
tains one  or  more  organisms  and  the  vessel  appears  to  be  distended  with 
masses  of  infected   red  cells  and  pignuented  leucocytes   (Plate  X,  Fig.   7). 
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The  forms  of  the  parasites  are  about  equall^v  ili\i<U'<l  between  iioii-pig'- 
meiited  rings,  pig-niented  spheroidal  bodies,  and  rosettes;  but  no  crescents 
or  distinct  ovoids  could  be  found.  There  are  in  the  vessels  a  few  pig- 
mented endothelial  cells  of  the  usual  appearance,  and  many  richlv  |)ifr- 
niented  leucocytes. 

Most  of  the  muscle  cells  contain  a  moderate  deposit  of  lar<re  irreenisli 
yellow  granules.  There  are  no  eviden<-es  of  fatty  or  other  form  of  degen- 
eration of  the  muscle  cells. 

I.Hiigg  contain  a  great  many  richly  pig-niented  phagocytes  with  parasites 
in  all  stages  of  degeneration.  The  ca])illaries  are  frequently  distended  and 
sometimes  apparently  occluded  by  masses  of  red  cells,  pigmented  endo- 
thelial cells,  leucocytes,  and  macro])hages.  The  vesicles  contain  a  few  large 
])igmcntid  cells.  Parasites  are  not  more  numerous  than  in  the  peripheral 
blood. 

liiiliiij). — The  cai)illaries  e\ervwhere  contain  a  moderate  nuniiier  of  red 
cells  harboring  parasites.  Most  of  these  are  the  non-pigmented.  ring- 
shaped  organisms.  A  great  many  richly  pigmented  spheroidal'  parasites 
were  seen  in  the  same  situation  as  the  rings,  and  a  few  segmenting  bodies 
were  noted.  In  no  jdace  were  the  capillaries  distended  or  occluded  by 
masses  of  infected  red  cells  and  jjigmented  leucocytes,  as  was  noted  in  the 
heart  muscle.  Evidences  of  phagwytosis  are  moderately  almndant  and 
e.vtremely  distinct.  esi>ecially  in  the  glomeruli.  The  phagocytic  cells  are 
always  either  mononuclear  leucocytes  or  endothelial  cells,  the  tubule 
cells  being  free  from  pigment.  The  oljserved  phases  of  the  process  inclu- 
ded the  inclosure  of  an  entire  red  cell  infected  with  an  unpigmented  ring: 
the  inclosure  of  one  or  many  pigmented  si)heroidal  bodies;  all  stages  of 
the  destruction  of  the  bodies  of  inclosed  i)arasites;  and  finally  the  circles 
and  clumps  of  line  pigment  grains,  which  remain  after  the  destruction  of 
parasites  and  red  cells.  From  one  to  twenty  circles  were  counted  in  large 
macrophages  lying  free  in  the  capillaries.  The  glomeruli  and  the  capil- 
laries of  the  medulla  contain  more  pigmented  cells  and  parasites  than  do 
the  cortical  vessels.  There  is  a  marked  acute  degeneration  of  the  lining 
cells  of  the  convoluted  tubules,  but  no  signs  of  chronic  nephritis.  The 
tubules  are  slightly  dilated,  and  contain  either  casts,  or  coagulum.  or 
fragments   of   epithelial   cells. 

Marrow. — The  deposit  of  pigment  is  very  marked  but  much  less  than  in 
the  liver  and  sjjleen.  The  jjigment  is  found  in  the  endothelial  cells,  ami 
especially  in  the  large  and  giant  mononuclear  cells  of  the  pulp  cords.  In 
these  cells  all  stages  of  the  ingestion  and  destruction  of  parasites  could 
be  followed.  The  number  of  (jarasites  within  red  cells  is  considerable  and 
larger  than  in  the  liver  and  spleen. 

In  sections  of  ribs  and  vertebral  bodies  very  few  fat  cells  are  present, 
the  marrow  being  e.vcessively  cellular.  Xucleated  red  cells  are  abundant 
and  some  are  of  slightly  increased  size.  The  eosins  and  giant  cells  are 
distinctly  increased. 

In  smears  of  the  expressed  marrow  the  same  conditions  were  seen 
distinctly.  Minute  intracellular  rings  are  very  abundant,  numy  cells  con- 
taining two.  and  .some  three,  or  four,  such  parasites.  Twin  parasites  were 
found  in  the  cells,  also,  .in  the  form  of  large  vesicular  bodies,  one-third 
the  diameter  of  the  cell,  and  sometimes  showing  one  or  two  very  minute 
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Ijigiiiont  sr;iins,  but  ht'yoiul  this  size,  no  twin  parasites  coulil  be  rdiuiil. 
Well  ])i^inentt'(l  parasites  were  always  single,  and  no  eel!  wns  fouiid  eoa- 
tainiiii;-    twd    well    developed    spheroidal    bodies. 

A  few  iiiiiiuti'  i-jnjis  and  a  {;reat  many  pif^j'inenli'd  s|ilieiiiiilal  bndii's  were 
found    apparent  l\     e\t  raeellidar.    a    position    whieh     I     am    iiieliiied    to    refer 

prim-ipallv    Id    p(ist- rtcm    and    artiticial    processes.      Itosettes    were    abun- 

danl,  and  in  se\eral  whi.li  w  ei-e  e(nisiilerably  tlattene<l  Is  spores  .■oulil 
he  aeenrately  eounted.  A  modei'ali'  nundier  of  youny-  anil  middle-sized 
crescents  were  seen. 

The  phases  of  phaj^oeyl  osis  «ere  (|ui1i'  dislinet.  The  ^reat  niajurity 
of  JJigniented  cells,  and  the  oidy  ones  cimtaininf>-  excessive  pi<>nient  de- 
posits, were  the  larg-e  monnnnidear  cidls  cif  the  [inlp  cords.  The  pig- 
ment was  found  in  the  form  of  discrete  grains,  or  often  in  compact, 
clumps,  or  circles.  From  one  to  thirty  or  more  of  these  pigment-clumps 
were  seen  in  the  larger  cells.  In  many  instances  the  circle  of  pigment 
surrounded  a  vacuole  somewhat  larger  than  the  body  of  a  parasite.  In 
heavily  pigmented  cells  irregular  masses  of  granular  |)iginent  were  usu- 
ally found  in  the  perinuclear  region  and  elsewhere.  'I  he  parasites  seen 
within  iihagocytes  included  a  few  non-pigmente<l  rings  and  many  faintly- 
staining  pigmented"  spheroidal  bodies.  Many  stages  id'  the  ilegeneratioii 
of  parasites  were  seen  in  the   bodies  of  tliese  cells. 

The  frequent  apjiearance  of  a  circle  of  pigment  grains  around  a  small 
\acuole  is  probably  referal)le  to  the  complete  destruction  of  the  re<l  cell 
(Plate  X,  Figs.  1  and  4).  JIany  of  these  large  circles  of  pigment  grains 
surrounded  a  central  compact  clump,  as  though  the  englobed  cell  had 
contained  a  pigmented  parasite.  \  great  many  small  spherical  masses 
of  fine  pigment  grains,  identical  in  appearance  with  the  pigment  clumps 
of  full  grown  parasites  or  rosettes,  were  seen,  and  traces  of  the  bodies 
of  the  ))arasites  were  often  detected  about  tlie  clumps.  Many  discrete 
coarser  grains  and  clumps  without  vacuoles  or  surrounding  gi-anules 
seemed  to  represent  that  pigment  which  had  been  absorbed  from  the 
plasma  after  its  discharge  from  the  parasite.  Larger  conglomerate  masses 
of  older  pigment  were  abundant,  but  even  in  these  masses  a  granular 
structure   was    usually    visiljle. 

I'^in.ally.  in  tlu'  nlarr^^\^■  smears,  the  formation  of  peculiar  raniulfittfl  Ifin-tt- 
(•///('.v  ccndd  be  traced  I'l-cun  the  smaller  and  medium-si/.ed  inomuinidear  cells 
of  the  marrow.  In  these  cells  the  nucleus  gradually  lost  its  aHinil>  lor 
methylene  blue  atid  liecame  indistinguishable  from  the  cell-body.  A I  the 
same  time,  in  the  nucleus  and  cell-body,  hyaline  globules  developed  aiul 
gradually  increased  in  size  until  the  entire  cell  was  reduced  to  a  coarsely 
reticulated  faintly  staining  mass,  identical  in  appearance  with  the  vacuolated 
leucocytes  seen  in  the  circulation  (Plate  XI,  l'"ig.  S).  This  |)roeess  atfeeted 
both   pigmentetl   and   non-pigmented    cells. 

On  the  other  hand  no  resemblaru'e  eonld  1h-  traeeil  between  any  of  the 
stages  of  these  degenerating  colls  and  tlie  \arii)us  forms  of  parasites  to  be 
found  in  the  mari'ow,  none  of  which,  \\  hmi  admitting  of  positive  ideutili- 
catioii  in  stained  specimens,  e.shibited  similar  degenerative  changes.  In 
jliv  fir.fli  iiiiirniir  juice  these  Icucocjite.s  rail  chtschi  ri-'H'iiilih'tl  llic  funiis  of  Uiriic 
idciiiihitiit.  pinv/.vi/c.v  ilc.tcriliiil  hi/  miiik-   initi-rs. 
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1:>IjUcu. — The  black  color  of  the  sjjleen  is  found  to  be  referable  to  very 
heavy  deposits  of  pijfiuerit,  lying'  in  endothelial  cells,  large  mononuclear 
cells  of  the  pulp  and  sinuses,  and  leucocytes  iu  the  sinuses,  and  in  parasites 
infecting  red  cells.  The  outlines  of  the  sinuses  are  no  longer  visible,  being 
choked  by  the  influx  of  pigmented  cells,  or  distended  or  ruptured  thereby. 
The  Malpighian  bodies  are  much  reduced  in  size.  Xo  foci  of  large  cells 
free  from  pigment  were  to  be  seen  in  the  pulp  tissue. 

The  parasites  are  very  numerous  and  of  all  forms  except  crescents,  but 
the   majority   appear  to  be  inclosed   in   various  phagocytes. 

hirer. — The  piginent  deposits  are  extremely  rich  and  are  found  iu  the 
long  swollen  endothelial  cells  of  the  capillaries  and  in  large  mononuclear 
cells  l.ving  often  apparently  free  in  the  capillaries,  and  some  of  which  are 
probably  leucocytes.  The  parenchyma  cells  are  free  from  piginent.  The 
number  of  parasites  is  very  large.  Most  of  them  are  inclosed  within  the 
above  phagocytic  cells,  in  which  all  stages  of  their  degeneration  are  to  be 
seen  (Plate  X,  Figs.  1  and  2). 

In  the  red  cells  a  moderate  number  of  rings,  pigmented  spheroidal  bodies, 
and  a  few  rosettes  are  seen.  In  the  capillaries  of  Glisson's  capsule  the 
numbers  of  parasites  within  red  cells  are  very  much  greater  than  in  the 
intralobular  capillaries.  The  chromatic  network  of  the  liver  cells  stains 
faintly  with  methylene  blue  and  is  very  ragged  and  irregular.  There  are 
no  signs  of  fatty  degeneration.  The  cells  usually  contain  a  deiiosit  of  large 
greenish    granules. 

EncKiTiCAL: — Aiiioiig  Ihu  features  of  this  ease,  attentiou  may  be 
drawn  to  the  rather  sudden  termination  after  a  period  of  comparative 
freedom  from  severe  symptoms,  in  which  respect  there  is  nothing  very 
anomalous;  to  the  prominence  of  the  cardiac  symptoms;  to  the  acute 
degeneration  of  the  kidneys;  and  to  the  activity  and  extent  of  the 
phagocytic  process.  These  features  may  best  be  considered  in  connec- 
tion with  the  pathological  conditions  found  in  the  viscera. 

As  the  patient's  condition  had  not  led  him  to  seek  medical  assist- 
ance until  a  few  hours  before  his  death,  it  must  be  supposed  that  the 
paroxysms  immediately  preceding  the  fatal  attack  were  mild,  as  is  also 
indicated  by  the  further  history  obtained.  Such  pronounced  heart 
weakness  occurring  early  in  the  first  severe  paroxysm  of  the  relapse 
would  seem  to  class  the  case  with  those  of  acute  cardiac  failure  in  per- 
nicious malaria.  It  was  iiotod  iu  llu'  iiliysical  examinatiini  nu  culrance 
that  the  first  sound  of  tli'j  heart  was  l)arely  audible,  and  tiu'  pulse 
extremelv  rcclilc  The  microscopic  examination  showed  the  presence 
of  unusually  large  numbers  of  parasites  in  the  visceral  caiiillaries,  the 
heart  muscle  containing  an  excessive  proportion  of  thnn.  All  the 
small  vessels  in  this  locality  were  filled  or  distended  with  Mood  con- 
taining a  colossal  number  of  parasites  in  all  stages  of  development, 
with  an  abundant  admixture  of  pigmented  leucocytes.     A  considerable 
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nieclianical  effect  of  such  a  massing  of  parasites  in  obstructing  the  cir- 
culation can  hardly  be  doubted,  although  no  signs  of  complete  throm- 
bosis of  small  vessels  could  be  found.  Ou  the  other  hand,  no  inflam- 
matory reaction  in  or  about  the  vessels  or  in  the  muscle  fibres  or  sup- 
porting tissue,  no  haemorrhages,  or  evidences  of  degeneration  or  necro- 
sis of  cells,  could  be  found.  Yet  if  the  mere  presence  of  the  bodies  of 
parasites  in  a  tissue  is  capable  of  exciting  any  such  inflammatory  reac- 
tion or  causing  cellular  degenerations,  this  was  an  unusually  favorable 
situation  to  demonstrate  these  effects.  Xo  such  changes  existing,  their 
absence  appears  to  furnish  some  evidence  that  the  bodies  of  malarial 
parasites  do  not  exert  any  marked  local  toxic  influence,  but  that  their 
local  action  is  largely  mechanical.  Granting  that  a  considerable  dis- 
turbance of  the  heart  resiilts  from  the  general  toxic  condition,  it  seems 
probable  that  the  extreme  cardiac  failure  observed  in  the  present  case 
resulted  from  the  mechanical  obstruction  of  the  circulation  by  the 
masses  of  parasites  in  the  capillary  vessels,  but  the  evidence  that  such 
a  relation  existed  can  hardly  be  claimed  as  demonstrative. 

In  the  kidneys,  on  the  other  hand,  where  the  effects  of  a  toxic  agent 
were  very  marked,  the  number  of  parasites  was  comparatively  small, 
hardly  exceeding  that  found  in  the  perijjheral  blood.  In  these  organs 
there  were  distinct  signs  of  severe  acute  degeneration,  referable,  not  to 
the  presence  of  parasites,  but  to  the  general  toxaemia. 

The  phagocytic  process  was  extremeh'  active  in  the  liver,  spleen,  and 
marrow,  where  the  great  majority  of  parasites  were  englobed  in  phago- 
cytic cells.  The  leucocytes  were  everywhere  actively  engaged  in  the 
process.  In  the  Iridney  the  majority  of  phagocytic  cells  were  leuco- 
cytes. In  the  heart  miiscle,  and  in  the  connective  tissues  generally, 
the  parasites  were  very  abundant  and  were  multiplying  rapidly,  unre- 
strained by  any  phagocytic  tendency  in  the  endotlielial  cells. 

Case  ITI. — Aistivo-Autimnal  Malaria.  Marked  CereTyral  Si/mptoms  and  Con- 
centratkm  of  Parasites  in  Capillaries  of  Central  Nervous  System.  Infection  witli 
a  simile  well  defined  yroup  of  Parasites.  Developmental  stages  fully  apparent 
throiiijhout  a  -}S  lir.  cycle.  Serrre  dcyeneratire  changes  in  the  cells  of  the  Convo- 
luted Tuhules.  with  alisence  of  parasites  in  the  renal  vessels.  Capillary  Varicos- 
ities in  the  Lirer,  with  atrophy  of  parenchyma. 

B.  T.,  32  years.  While  In  Cuba  he  had  attacks  of  chills,  fever,  and  diar- 
rlicca,  but  partly  recovered  under  quinine.  On  the  transport  the  same 
symptoms  returned.  After  arrival  at  Camp  Wikoff  he  suffered  from  nearly 
continuous  fever  without  chills,  and  the  diarrhoea  became  more  profuse. 

On  admission  to  the  General  Hospital,  September  6,  he  was  considerably 
emaciated,  slig'htly  jaundiced,  and  completely  prostrated.  He  was  given 
21/^   g-r.   of   bimuriate   of   urea   and   quinine,    subcutaneouslj-,   t.   i.    d.,   and 
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opium.  He  passed  a  restless  iiiylit.  aiul  the  teinperatiire  remained  hi^'li. 
At  10  A.  M.,  September  7,  examinatiun  of  the  blood  showed  a  recent  sporii- 
latiou  of  i)arasites.  The  temperature  fell  steadily  during'  the  day  but  the 
patient  became  delirious  in  the  afternoon,  and  <-onuitose  by  night,  and 
never  recovered  consciousness.  There  was  a  moderate  rise  of  temiierature 
on  Sept.  S,  while  the  coma  deepeneil  and  the  pulse  fjr>'"^l"""y  failed.  Death 
occurred  at  3  A.   M.,  Sept.   U. 

Blood  Examiiiation,  September  7,  10  .\.  M..  showed  a  ffreat  many  ipstivo- 
autumnal  ring-shaped  parasites,  2-:i  m  in  diameter,  lying  in  shrunken  red 
cells.  Most  of  them  are  entirely  free  from  pigment,  Init  rarely  one  or 
more  fine  jjigment  grains  may  be  detected.  A  great  many  of  the  rings  are 
less  than  2  u  in  diameter.  Multiple  infection  of  cells  is  not  unusually  fre- 
quent. In  the  fresh  condition  the  parasite.s  exhibit  rapid  changes  in 
outline   but  few   distinct   pseudopodia. 

The  red  cells  show  the  changes  of  a  severe  secondary  anannia  with 
beginning  changes  in  the  size  of  the  cells.  The  leuco<'ytes  are  reduced  in 
number.     Xo  eosins  seen.     No  pigmented  leucocytes. 

Sept.  S,  10  A.  M.,  the  parasites  are  much  less  numerous.  They  are  nearly 
all  of  larger  size.  ■)-.">  //.  and  maintain  the  form  of  a  ring  with  thickened 
irregular  segments.  .V  few  show  one  or  two  fine  ])ignient  grains.  The 
chromatin  is  variously  subdivided  and  iisually  displaced  from  the  peri- 
phery of  the  ring,  being  often  found  as  a  small  group  of  very  fine  grannies 
in  the  centre  of  the  ring,  or  arranged  in  the  form  of  a  crescent  or  figure 
8,  or  as  an  irregular  mass  or  group  of  granules  lying  at  some  distance 
from,  the  ring.  Xo  spheroidal  bodies  with  comiiact  pigment  mass  and  no 
rosettes  were  seen  in  this  case.  Several  hours  were  spent  at  various  times 
in  the  study  of  these  specimens  and  during  that  time  two  crescents  were 
encountered.  The  unity  of  the  group  of  parasites  is  to  that  extent  imper- 
fect. 

In  the  fresh  condition  tlie  forniation  of  ijseudojjodin  :jii(I  lhe  annfimid 
motion  are  very  active,  and  the  jjigment  grains  sIhiw  slight  vil>niti>ry 
motion.     The   leucocytes  are   as  before. 

Autni)>t!i.^i  hours  after  death.  Hodi/  markedly  emaciated,  sliglitly  jaun- 
diced: no  ci'dema.  I.iiikjs  show  old  emphysema  and  hypostatic  congestion. 
Heart,  rather  small;  valves  and  muscle  normal;  pericardium  distended  with 
clear  serum.  Spleen,  slightly  enlarged,  moderately  pigmented,  dark  brown, 
rather  soft.  Kidmi/x,  about  normal  in  size,  consistence  reduced,  caj)sules 
not  adherent,  surface  smooth,  cortex  somewhat  thickened,  pale,  markings 
regular  but  indistinct,  iitoiiiacli.  contains  bile,  otherwise  negative.  Iiilis- 
tiiie.  normal.  Brain,  no  increa.se  of  serum,  no  venous  congestion,  no  dro])sy 
of  ventricles:  cortex  slightly  brownish  on  section:  no  petechise. 

Microscopic  Examination. — Lirer. — The  liver  cells  are  very  fatty,  and  con- 
tain many  coarse  yellowish  granules,  .some  of  which  give  the  reaction  of 
ha^mosiderin.  Xo  necrotic  foci  were  seen.  In  many  lobules  the  cords  of 
liver  cells  are  partly  or  completely  atrophic  and  the  capillaries  are  nimli 
widened,  forming  a  variety  of  cavernous  ti.ssue.  These  changes  are  of 
irregular  distribution  in  the  organ,  being  sometimes  most  marked  about 
central  veins,  but  more  often  aflFecting  large  irregular  portions  of  lobules, 
rigmentation  of  endothelial  celLs  and  of  leucocytes  is  marked  but  not 
extreme.  Parasites  are  very  scarce,  but  a  few  small  spheroidal  botlies 
and    minute   rinas  could   with   ditticultv   V)e   identified. 


N/i/ir/i.— A|)|ji:-;ii-:iii<Ts  siiiiihir  to  iluisc  iif  Casr  II:  liiit  \cry  fi'W  parasit  rs 
i-oiiia   be   iclentiti.-il. 

Milintir.—'Vhi-  niarrciw  i)f  t  lu'  M-rtclira-  is  \cr\  lallv.  In  t  lu'  I'cllul.ii- 
ooi-ils,  tlu'iv  is  ill  placfs  iiHiiKTalr  prolifiTal  inn.  and  tlic  i-rlls  apprar  in 
i-oiiipac1  masses.  ( icncra  1 1\ .  Iinwcvrr.  Ilie  cnnls  appear  luiniial  i<v  (Iclii-ient 
in  colorless  cells.  Tlie  pifiiueiit  (le])osit  is  slif;lit  and  no  jiarasiles  could 
be  identified.  In  smears  of  the  marrow  a  few  rinj>--sba])ed  |)arasites  witliin 
red  cells  were  identified.  The  nncleated  reds,  eo.siiis.  and  ^iant-cells  are 
very  delicienl. 

Ki(liii!i.':.—-V\H'  convolnted  tnlinles  are  maikedly  dilated  and  filled  with 
granular  coagnlnm.  The  cells  are  flattened,  or  broUen  and  degenerated, 
and  nearly  all  contain  {jreaf  nmnliers  of  large  and  small  light  yellowish 
granules  which  give  the  rmssian  blue  reaction  of  luemosiderin.  The 
capsules  of  tlie  glomeruli  are  considerably  dilated.  The  capillary  tnl'ts 
contain  a  moderate  number  of  pigmented  cells  and  a  few  s|)lieroiilal 
parasites.  In  a  few  of  the  asceiiding  limbs  of  llenle's  loops  there  arc  a 
good  many  elunips  of  pigment  lying  within  the  lining  cells,  iinl  this  ccni- 
dition   is  not   at   all   frequent. 

liniin. — Throughout  the  cerebrnin.  i'erel)(dlnni.  nicdnlla.  and  ii|)|]er  I'cr- 
vical  cord,  the  capillaries  contain  a  very  largi^  nnniber  of  red  blood  cells 
harboring'  parasites.  Most  of  these  are  small  |)igraented  spheroidal  bodies: 
some  e.xhibit  the  large  ring  form  with  little  pigment,  and  a  very  few 
rosettes  were  identified.  The  pigment  deposit,  outside  of  the  parasites, 
is  slight.  A  considerable  number  of  capillaries  were  found  completely 
filled  and  apparently  occluded  by  masses  of  infected  red  cells,  pigmented 
leucocytes,  and  swollen  ijigniented  endothelial  cells.  In  the  same  regions 
the  small  arterioles  and  all  the  larger  vessels  were  almost  entirely  free 
from  parasites.  The  ganglion  cells  everywhere  show  reduction  in  size, 
irregularity,  .splitting,  or  loss,  of  chromatic  bodies.  The.se  changes  are  less 
marked  in  the  large  stichochromcs  of  the  bulbar  nuclei  than  in  the  cere- 
brum   and    ccrebcllnin. 

Epit'lUTlCAl. : — Altlu)iigli  fuvtlicr  evidciKc  is  lianlly  rcqiiircil  to 
demonstrate  tlic  i'aet  that  in  iiiiiny  cases  of  peniieious  uialaria  of  the 
cerebral  type  the  eapilkries  of  the  liraiit  contain  an  excessive  nunibei' 
of  parasites,  the  jiresent  case  is  siicli  a  stril'jing  exaniph'  of  this  condi- 
tion as  to  be  wortliy  of  record. 

Tlu'  rehition  of  lite  cereliral  syiii[itoins  can  apparently  fie  chisely 
connected  with  ihc  devchipineiit  ni:  tlic  parasites  as  followed  in  the 
examinations  of  ihc  blood.  Spoindalion  occurred  during  the  night  of 
September  G,  when  the  tenipcratui'e  was  at  its  highest  point,  104°.  At 
10  A.  M..  September  7.  when  tlie  ]mtient  was  extremely  restless,  the 
blood  and  presumably  the  brain  contained  a  large  number  of  small  ring- 
shaped  jiarasites.  Delirium  and  partial  stupor  began  on  the  same  after- 
noon. .\t  10  A.  M..  Sc|iicinlici-  S,  when  the  patient  was  comatose,  the 
parasite^  had  markedly  in.ivased  in  si/e  and  many  hail  retired  from  the 
general   circulation.      At    this   time   it    is   reasonable   to   infer   that    the 
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increased  size  of  tlie  parasites  and  probably  their  increased  numbers 
in  the  central  nervous  system  had  seriously  impaired  the  capillary 
ciitnlation.  At  death,  3  A.  M.,  September  9,  preceded  for  several 
hours  by  profound  coma,  the  sections  of  the  brain  show  that  the  major- 
ity of  the  parasites  had  reached  their  full  development,  some  were 
segmenting,  and  many  cerebral  capillaries  were  occluded. 

The  presence  of  a  single  group  of  parasites,  the  development  of  which 
could  be  followed  throughout  the  cycle,  is  one  of  the  interesting  fea- 
tures of  the  case.  Sporulation  ap])ears  to  have  been  completed  during 
the  night  of  September  G,  when  the  temperature  reachetl  its  highest 
point,  104°.  At  10  A.  11.,  September  7,  the  blood  contained  a  large 
niimber  of  rings  nearly  all  under  3//  in  diameter,  with  a  single  large 
chromatin  body,  and  without  pigment.  These  parasites  appeared  to 
have  had  at  least  6-10  hours'  growth.  .\t  ID  A.  :M.,  September  S,  the 
parasites  had  increased  in  size,  measuring  about  i-o/t  in  diameter; 
numerous  outgrowths  had  appeared  on  the  circumference  of  the  rings; 
the  chromatin  (Xocht's  method)  was  invariably  increased  in  quantity, 
subdivided,  and  irregularly  placed,  and  a  few  parasites  showed  slight 
pigmentation.  There  were  still  no  spheroidal  bodies,  with  compact 
pigment,  to  be  found,  after  30  hours'  growth.  The  patient  died  at 
3  A.  M.,  September  9,  and  the  great  majority  of  parasites  found  in  the 
cerebral  capillaries  were  of  large  size  and  abundantly  pigmented,  and 
a  few  rosettes  were  seen,  indicating  the  approach  of  general  segmenta- 
tion at  the  end  of  48-50  hours'  growth.  Judging  from  the  appearance 
of  the  parasites  found  in  the  sections  of  the  brain  it  would  appear 
that  about  6-10  hours'  growth  separated  considerable  numbers  of  the 
youngest  from  the  oldest  members  of  the  group,  although  between  a 
few  individuals  the  intervals  must  have  been  much  longer. 

The  severity  of  the  renal  lesion,  with  the  absence  of  parasites  in  tlie 
renal  vessels,  also  requires  mention.  The  changes  in  the  cells  of  the 
renal  tubules  were  more  advanced  than  in  any  other  iincomplicated 
case  of  the  series  and  appeared  to  be  purely  of  the  type  of  acute  degen- 
eration. The  lining  cells  were  markedly  eroded  and  largely  composed 
of  a  multitude  of  light  yellow  granules  giving  the  reaction  of  hiemo- 
siderin.  This  destruction  of  the  lining  cells  caused  the  dilated  tubules 
to  be  more  or  less  filled  with  granular  detritus,  but  there  was  no  fur- 
ther evidence  of  an  exudative  process.  The  kidiu'y  was  free  from 
chronic  changes.  In  the  absence  of  parasites  iiiid  of  signs  or  causes 
of  acute  inflammation,  this  lesion  must  be  referred  to  a  toxic  condi- 
tion associated  with  the  malarial  infection. 
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The  evidence  of  tlie.  present  case,  therefore,  fully  accords  with  the 
coiicluijion  drawn  from  other  eases  of  the  series,  that  the  usual  renal 
lesions  of  pernicious  malaria  are  referable  to  the  effects  of  a  toxic 
process  and  not  to  the  dii-ect  action  of  parasites. 

Case  TV. — .JSntivo-Autiinuiul  MdhirUi.  Extirinc  ihihirUil  TiifccUmi.  f.ociili- 
zalion  of  J'urasitcs  in  Hone  Murraiv.  Iiiftclimi  irith  nuhj  mii-  'jraiiji  iif  I'dnisitcn. 
Pernicious  Anwmia. 

V.  J.,  27  years,  private.  U.  S.  Army.  No  imiiortaiit  details  of  the  history 
of  this  case  were  obtainable.  It.  was  learned  that  the  patient  had  suffered 
severel}'  from  malarial  fever  in  Cuba  and  on  the  transi)ort,  and  was 
received  at  the  hospital  at  Montauk  in  a  precarious  condition,  dying'  a  few 
hours  afterward  in  spite  of  stimulation  and  subcutaneous  injections  of 
quinine. 

Aiiliiiixjl. — (J  liours  after  de^'th.  Budi/  very  much  emaciated,  markedly 
jaundiced.  Lniii/s,  lower  lobes  cedematous;  commencing  heijatization  of 
lower  part  of  rig^ht  upper  lobe.  Heart,  flabby,  pale;  valves  normal;  peri- 
cardium distended  with  clear  serum.  Liver,  of  moderate  size,  almost  black; 
gall-bladder  distended  with  bile.  Spleen,  moderately  enlarged,  soft,  black. 
Kidiici/f:,  .slightly  enlarged,  surface  smooth,  capsule  not  adherent,  cortex 
thick,  yellowish,  markings  regular,  indistinct.  Gnstrn-iittrstiimi  triirt,  nega- 
tive. Pcritoiiciini,  siate  colored,  iliirroir  of  ribs  and  vertebi'a?  chocolate 
colored. 

Microscopic  Examination. — Blood. — The  only  specimens  secured  were 
squeezed  from  the  incised  finger-tip  at  the  autopsy,  six  hours  after  death. 
The  red  cells  are  extremely  deficient  in  number  and  iisually  fail  to  form 
rouleaux.  The  plasma  stains  slightly.  There  are  extreme  differences  in 
the  size  of  the  red  cells,  which  vary  from  small  microcytes  to  very  large 
megalocytes;  most  are  larger  than  normal.  Nearly  all  cells  contain  an 
increased  quantity  of  Hb.  and  many  are  polychromatophilic.  Nucleated 
red  cells  are  abundant  and  nearly  all  fall  in  the  class  of  megaloblasts  or 
gig-antoblasts.  There  is  a  pronovuiced  polynuclear  leucocytosis  (ante- 
mortem?),  but  eosinophile  cells  are  scarce.  Manj-  leucocytes,  both 
mononuclear  and  polynuclear,  are  pigmented.  Comparatively  few  para- 
sites could  be  found,  and  these  were  all  small  rings,  as  seen  in  the  smears 
of  the  marrow. 

Liver. — There  is  slight  fatty  degeneration  of  the  liver  cells;  the  chromatic 
network  is  irreg^ular  and  indistinct,  and  the  cells  all  contain  large  greenish 
granules  which  give  the  reactions  of  bile  pigment.  There  are  no  areas  of 
necrosis.  The  deposits  of  malarial  pig-ment  ai-e  abundant  and  very  similar 
to  those  described  in  Case  II,  but  the  evidences  of  inclosure  and  destruc- 
tion of  parasites  are  very  much  less  marked.  Very  few  parasites  could 
be  identified. 

S/ilren  shows  the  usual  changes  of  acute  malarial  infection. 

-Marrow. — That  of  the  ribs  and  vertebral  bodies  is  very  cellular.  The 
hyperplasia  affects  principally  the  myelocytes,  many  of  which  show  mitotic 
figures,  other  small  mononuclear  cells,  and  giant-cells,  of  which  there  are 
many  groups  of  five,   six,   or  more.     No  fat  cells  were   seen.     The   sinuses 
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are  fforj^-fd  with  red  tells  :iiul  pi^ineiited  leucocytes.  Nueleated  red  cells 
are  very  abundant  but  no  "  islands  "  of  these  cells  couhl  be  found.  The 
pul|)  cords  contain  a  fjicat  many  heavily  pigmented  endothelial  and  large 
mononuclear  cells.  A  lew  [)arasites  were  identified  in  the  sections  with 
difKculty. 

In  smears  of  the  marrow,  all  sta}>es  of  the  inclosiire  and  destruction 
of  parasites  could  be  followed  in  tlic  large  mononuclear  and  endothelial 
cells.  The  number  of  parasites  fouml  in  these  smears  is  enormous,  and 
nearly  all  are  the  small  ring-shaped  forms  without  pigment.  They  are 
much  more  numerous  in  the  marrow  than  in  the  blood  smears  or  in  any 
other  tissues  of  the  case,  and  much  more  numerous  than  in  the  smears 
made  from  the  marrow  of  any  other  case  of  the  series.  Kxainples  of  multi- 
ple infection  of  the  sume  red  cell  are  very  numerous,  three  and  four  rings 
being  very  frequently  seen;  five  and  six  were  sometimes  encountered,  and 
one  cell  was  found  containing  seven  distinct  young  rings."  In  spite  of  the 
enormous  number  of  j)arasites  and  the  abundance  of  nucleated  red  cells, 
none  of  the  latter  were  found  infected.  .No  crescents  were  seen.  Of  the 
nucleated  red  cells  many  are  of  r.ormal  size  and  apjK'arance.  but  a  great 
many  darkly  staining  megaloblasts  and  gigantoblasts  are  present.  The 
eosinophile  cells  are  about  normal  in  numbers,  while  the  giant-cells  are 
distinctly   increased. 

The  kidiiri/s  show  the  lesions  of  acute  degeneration  similar  to  those  of 
Case  II.  but  the  number  of  parasites  in  the  capillaries  is  small,  and  no 
rosettes  were  seen.     PigTnentation  is  moderate. 

In  the  heurt-iituscle  a  few  ring-shaped  and  a  very  few  small  si>luT()idal 
parasites  v\ere  found. 

The  gaKtm-intcstiiKil  Inii-t  exhibited  no  lesions  of  importance:  its  wall 
contained   a   moderate   numl)er  of   small    ])arasites   without    pigment. 

The   brain   Mas   not   examined. 

l-JMCHiric.vL: — In  this  t-asc  thove  are  scxcral  isolutecl  i'eatures  oi 
iiitert'.^t.  The  localization  of  an  L-nonnoiis  iimnber  of  jjarasitcs  in  the 
iiiaiiow  of  the  ribs  and  vertebrai  is  a  peeuliarity  not  encountered  in 
any  other  case  of  the  series.  It  has  appeared  from  smears  and  sec- 
tions of  the  marrow  of  oilier  cases  that  the  activity  of  phagocytes  in 
this  tissue,  as  in  the  liver  and  the  s])leen,  greatly  reduces  the  numbers 
of  parasites  that  can  lie  (Icnmnst rated  in  smears  of  tliesc  tissues.  This 
general  rule,  tirst  I'nrniulalcd  liy  (iiianiirii  and  Bignami,  has  applied 
ill  all  iitlier  cases  of  my  series,  lint  in  the  jtresent  instance  no  large 
iinndicr  of  |)arasites  was  demonstrated  in  any  otlier  tissue  except  the 
inarrnw.  where  the  excessive  ])igmentation  is  Inrihei-  I'vidence  of 
unu.-nal  activity  of  tlie  jiarasitcs  in  this  locality. 

Attention  may  here  be  drawn  to  the  necessity  of  relying  only  upon 
smrars   of  the   tissues   and   not    ii])(n    the   e\aniinati(ni    of  sections   to 

'Shown  in  Plate  .\.\.\,  Fisr.  ll.  in  .hmrunl  ,:f   /:\r/,erime,a(il  .Wrdl.im;  lOOI,  v. 
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dc'li'nniiU'  (ho  iiiiml)er  of  piirasiu'i^  present  in  tii^sues  wliich  mi-c  artively 
eiijiaged  in  phagocytosis;.  Although  formalin  as  used  in  lixing  the 
ti.-Hues  proved  to  be  a  very  superior  agent  for  this  jJ^U'P'^'^'^'-  ''  ''-'^ 
always  seemed  to  me  dillieult  and  hazardous  to  attempt  to  identify 
parasites  in  stained  sections  of  the  liver,  spleen,  or  marrow,  and  in 
many  instances  where  none  could  be  identified  in  sections,  smears  of 
the  tissues  revealed  their  presence  in  abundance.  In  the  kidney,  heart- 
nuiscle,  l)rain,  and  all  tissues  where  phagocytosis  is  less  active,  the 
r('>ults  of  examination  of  stained  tissues  apyiear  to  be  fully  reliable, 
especially  if  Xochfs  method  is  used. 

.V  further  ])oint  of  interest  in  the  present  case  is  tlie  evidence  point- 
ing to  the  existence  i>f  a  single  \ery  compact  group  of  parasites  in  the 
bliiod  and  viscera.  The  forms  found  in  the  blood  and  in  the  smears 
of  the  viscera  included  only  the  smaller  iion-pigniciilcd  ling-shaped 
pai-asites.  Xeither  pigmented  spheroidal  bodies,  nor  rosettes,  nor  cres- 
cents, were  anywhere  seen.  This  condition  is  the  more  remarkable 
since  tlie  jiigmentation  of  the  viscera,  the  grade  of  ana'niia,  and  the 
general  condition  of  the  ]>atient  indicated  a  somewhat  prolonged  course 
of  the  infection. 

The  changes  iu  the  blood  in  this  case  are  of  special  interest,  illustrat- 
ing the  rai)id  development,  as  a  result  of  malarial  infection,  of  a  con- 
dition identical  in  morphological  character  with  that  of  primary  per- 
nicious ana?mia.  As  the  first  cases  of  malaria  among  the  troops  at 
Santiago  developed  iu  the  second  week  of  July,  this  patient,  dying  on 
S<'ptember  10,  could  not  have  been  ill  longer  than  eight,  or  possibly 
nine,  weeks.  Yet  in  this  period  a  condition  of  the  blood  was  established 
indistinguishable  from  that  of  primary  pernicious  ansemia,  including 
the  abundance  of  large  megalocytes  with  excess  of  Hb.  and  the  pres- 
ence of  many  megaloblasts.  Even  the  smaller  red  cells  exhibited  an 
apparent  excess  of  Hb.  Apart  from  the  lesions  directly  referable  to  the 
growth  of  malarial  parasites,  the  changes  in  the  marrow  included  a 
well-marked  cellular  hyperplasia  affecting  principally  the  myelocytes 
and  othei-  small  mononuclear  cells,  and  giant  cells:  disappearance  of 
fat  cells:  increase  in  size  of  the  nucleated  red  cells,  the  majority  of 
which  were  nu'galolilasts :  and  disappearance  of  "  islands  "'  of  nucleated 
red  cells. 

C'.\SE  V. — .i!  St  iro- A II  til  III  mil  Malnrin.  Miissin;/  of  I'linisitcs  in  Kidiicii.s.  Ariiti- 
Hirmonhaijic  Xephriti^.  CuJits  Entaiigtiiin  Infected  Red  Cells  and  Piijineuted 
Leiicocj/tcs  in  Discharging  Ticbules.  Infection  with  a  single  very  compact  Brood 
of  I'nra.Htes. 
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if.  S.,  female,  aged  17,  contracted  malaria  on  Long  Island,  and  after  a 
short  period  of  mild  paroxysms  was  completely  prostrated  on  Sept.  12, 
1900.  On  admission  to  hospital.  Sept.  13,  the  chief  symptoms  were  pros- 
tration, restlessness,  vomiting,  and  moderate  (vdema  of  legs.  Temperature 
104.2°  F.  Urine,  of  high  color,  sp.  g.  1018,  contained  many  epithelial  cells, 
detritus,  and  many  red  blood  cells.  Diazo-reaction  marked.  Widal's 
reaction  absent.  Bowels  costive.  IJestlessness  ami  vomiting  were  partly 
controlled  by  sedatives.  The  vomiting  of  a  rouu<l  worm  led  to  the  admin- 
istration of  three  full  doses  of  santonin  on  Sept.  19.  Mild  delirium  devel- 
oped into  coma  on  Sejit.  20.  and  with  failing  pulse  and  diminished,  bloody 
urine  the  patient  died  on  Sejit.  20.  There  were  two  complete  remissions 
of  fever  on  Sept.  IS  and  20,  but  no  chill  occurred.  Vlhiicul  (liugiio»lx.  ty- 
phoid fever  and  acute  hemorrhagic  nephritis. 

Autopsu. — By  Dr.  Otto  Schnltze,  14  hours  after  death.  Body  well  nour- 
ished, rigor  firm,  slight  oedema  of  legs.  Heart.  Iiiniiii,  stoiiutfh.  and  /k/h- 
crea.s  normal.  There  was  one  ounce  of  straw-colored  serum  in  the  jn'ri- 
cardinm,  and  a  few  ecchymoses  in  the  visceral  pleura  and  pericardium. 
Intestine,  ileum  congested,  lymph-follicles  slightly  enlarged;  colon  normal. 
Liver,  without  gross  indications  of  malarial  infection,  was  pronounced 
normal.  Brain  normal.  Spleen,  IG  oz.,  firm,  dark  red,  with  prominent 
JIalpighian  bodies.  Kidneys  weighed  together  16  oz.:  cortex  much  thick- 
ened, capsule  free,  markings  obscured,  color  very  light;  medulla  intensely 
congested,  in  places  rusty;  in  cortex  of  right  kidney  a  superficial  anjemic 
infarct  with  surrounding  ha-morrhagic  zone,  measuring  ?i  x  2'/^  cm.  in  area, 
and  3  mm.  in  depth. 

Xo  gross  evidences  of  malaria  were  detected. 

Anatomical  dingtwsis. — Acute  haemorrhagic  nephritis. 

Cultures  from  liver  and  spleen  yielded  Bacillus  coli  communis,  but  no 
growth  of  Bacillus  tyjihosus  was  obtained. 

Through  a  misunderstanding  all  the  viscera  except  the  kidneys  were 
tlirown  away.     The   kidneys  were  hardened  in   5  per  cent  formalin. 

]fieroi<copic  Examination  (Plate  Xlll). — The  lining  cells  of  the  convoluted 
tubules  exhibited  a  very  advanced  stage  of  degeneration  of  a  pec\iliar 
type.  The  cells  were  greatly  swollen,  their  outlines  obliterated,  so  that  the 
distended  tubules  were  filled  with  a  coarsely  reticulated  mass  of  cell- 
detritus  in  which  pyknotic  nuclei  were  irregularly  scattered.  The  degener- 
ative process  was  principally  hydro])ic.  little  fat  or  stainable  protoplasm 
being  present  (I'late  XIII,  Fig.  1.!).  There  were  many  minute  foci  of 
necrosis,  especially  in  the  right  kidney.  The  infarcted  area  was  in  an 
early-  stage  of  coagulative  necrosis,  and  throughout  this  area,  especially  in 
the  hsemorrhagic  zone,  the  vessels  were  distended  with  blood  containing 
enormous  numbers  of  small  pigmented  parasites.  Many  small  vessels 
leading  to  the  infarct  were  distended  to  two  or  three  times  their  normal 
calibre  by  throiubi  of  infected  red  cells.  The  capsules  of  the  glomeruli 
were  distended  with  granular  coagulum  (Plate  XIII,  Fig.  l:i).  Most  of  the 
cortical  capillaries  were  collapsed  by  the  distended  tubules  and  free  from 
blood  and  parasites.  Throughout  the  medulla  were  many  miliary  hfemor- 
rhages.  and  most  of  the  capillaries  were  distended  with  red  cells,  most  of 
which   contained   jiarasitcs.   or  with   thromVii   of  pigmented   parasites  which 
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IkhI  iioailv  (lostroyed  the  red  cells.  The  parasites  were  remarkably  uniform 
in  si/.v.  luiiif.;-  full  grown  iestivo-autumnal  forms  with  abundant  pigment. 
A  very  few  ring's  and  rosettes  were  seen.  Tlie  diseharg'ing  and  many 
higher  tubules  were  distended  with  g'ranular,  epithelial,  or  blood  easts. 
Some  of  these  easts  had  entangled  leucocytes,  often  pignicnted.  and  in- 
fected red  cells,  while  some  infected  red  cells  lay  free  in  the  lowest  dis- 
charging- tubules.  I'rom  llieir  low  position  in  the  tn\)ules  all  of  these 
easts  must  have  reached  the  urine  in  at  lea.st  moderate  numbers.  The 
remarkable  massing-  of  jiarasites  in  the  renal  caiiillaries  is  shown  in  the 
photog-raphs  (Plate  XIII,  Figs.  14  and  15). 

EriCEiTiCAL: — The  ahsenee  of  mieroseopie  cxainiiuition  of  tlu'  other 
viscera,  wliile  greatlj^  to  be  deplored  for  the  sake  of  completeness  in 
the  report  of  this  case,  cannot  seriously  deti-act  from  the  importance 
of  the  findings  in  the  kidneys.  Doubtless  there  were  many  parasites 
in  the  other  viscera,  but  in  the  absence  of  gross  evidence  of  their  pres- 
ence it  is  safe  to  conclude  that  these  viscera  -ivcrc  not  the  seat  of  any 
special  localization  of  parasites.  This  eonchisioii  is  rendered  move 
trust-fforthy  from  the  fact  that  the  single  compact  brood  in  the  kidney 
was  composed  of  full-grown  forms  which  were  richly  pigmented. 

Jloreover,  numerous  miliary  haemorrhages,  and  thrombosis  of  vessels 
with  infarction,  are  the  usual  mechanical  results  of  the  presence  of 
enormous  numbers  of  parasites  in  a  tissue,  and  the  great  extent  of  these 
lesions  in  the  kidneys  throws  this  case  in  the  same  class  with  the  coma- 
tose and  choleraic  cases,  with  localization  of  parasites  in  the  brain  and 
gastro-iiitestinal  mucosa  respectively.  The  extreme  degeneration  of 
the  tubule  cells  seems  in  part  referable  to  the  general  toxaamia  oC  the 
disease,  but  its  extreme  degree  and  peculiar  character  were  not  seen 
in  any  other  ease  of  tlie  series,  and  may,  with  considerable  certainty, 
be  attributed  to  the  obstruction  of  the  circulation  by  the  thrombi  of 
infected  red  cells.  Since  the  discharging  tubules  contained,  among  a 
large  number  of  casts,  some  entangling  infected  red  cells  and  pigmented 
leucocytes,  while  a  few  infected  red  cells  were  found  free  in  the  lumina 
of  the  tubules,  it  seems  possible  that  a  diagnosis  of  such  a  case  might 
be  established  during  life  from  the  examination  of  the  urine,  which 
should  show  marked  diminution  in  quantity,  considerable  albumin  and 
blood,  many  granular,  epithelial,  some  blood  casts,  and  infected  veil  reUs 
and  pigmented  leucocytes,  both  free  and  adherent  to  casts. 

Case  VI. — .E^tivn-AutiimiKil  MaJiiria  (f).  Xo  Purasitrs  fnitiid  in  Bhiml.  Few 
Parasites  and  unimuilly  llttl-e  endence  of  malarial  infection  found  In  tin;  Vincpra. 

B.,  age  32.  Served  with  regiment  in  Santiago  campaign  and  contracted 
malarial  fever  in  Cuba.     Stated  that  he  had  four  attacks  in  Cuba,  marked 
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In-  chills  and  fi-vcr.  The  last  and  loiip-est  illness  lasled  three  weeks.  Was 
treated  always  by  quinine  with  g-ood  results,  but  on  omittinfr  treatment 
the  disease  promptly  relapsed.  Recently  he  had  suflfered  from  mild  chills 
daily,  with  more  continued  fever.  On  Sept.  4,  the  day  of  admission,  he  had 
a  slijjht  ohill  at  S  A.  ^^.  and  that  afternoon  the  temperature  was  lOl.Ci': 
pulse,  sn. 

Physical  examination  was  negatii-e,  the  spleen  not  beinff  found  iiolalily 
enlarged.  The  patient  was  not  markedly  emaciated  or  ana-niic.  All  .-iynip- 
toms  pointing'  distinctly  to  malaria  the  patient  was  g'iven  quinine,  but 
next  morning',  September  5,  he  had  another  chill  and  the  temperature  rose 
to  104°.  Quinine  was  then  increased,  and  given  subcutaneously  in  larg'e 
doses.  On  September  S,  there  was  a  moderate  chill  and  rise  of  tempera- 
ture. The  stools  were  now  diarrhceal.  the  al)domen  moderately  <listended, 
the  skin  slig^htly  jaundiced,  and  as  the  fever  did  not  yield  to  quinine  tlie 
blood   was   examined. 

BJiiiid  Exiiminatinti.  Sept.  S. — The  red  cells  showed  the  chanjjes  of  well 
marked  secondary  chlorotic  anemia.  The  le<icocytes  were  reduced  in  num- 
bers. No  eosino])hiles.  No  distinct  pig-niented  leucocytes,  l)ut  a  few  con- 
tained sing^le  grains  of  jiiginent  aijparcntly  malarial.  In  sjjite  of  ])rolonged 
search  no  parasites  could  be  found.  This  result  was  confirmed  by  several 
subsequent  examinations  of  the  same  and  other  specimens.  The  dissolved 
blood  in  the  pro])orti<in  of  about  1  to  10  of  water  was  mixed  with  a  broth 
culture  of  U.  tyi)hosus,  yielding  prompt  and  typical  clumping. 

On  the  evidence  of  a  temperature  resistin<j  quinine,  of  typhoidal  stools 
and  abdominal  symptoms,  absence  of  parasites  from  the  blood,  and  pres- 
ence of  AVidal's  reaction,  the  administration  of  quinine  was  .stopped  from 
September  9  to  10  inclusive.  The  temperature  declined,  but  the  other 
symi)toms  persisted  and  the  patient  grew  steadily  weaker. 

Blood  examination,  Sept.  9,  gave  the  same  result  as  before,  but  the  Widal 
test  was  not  re|)eated.  Sejit.  10.  temperature  fell  to  99.li°.  but  the  patient's 
condition  was  not  improved.  Quinine  was  again  administered  subcutane- 
ously. Sept.  11,  abdomen  more  distended;  diarrhoea  continues:  no  eruption: 
patient  at  times  mildly  delirious:  pulse  very  weak.  Blood  examination. 
Sept.  II,  .showed  no  parasites,  but  a  few  characteristic  pigmented  leuco- 
cytes were  seen.  Sept.  12,  patient  died.  The  diagnosis  was  at  this  time 
regarded  as  probably  typhoid  fever. 

Autoptsy. — 10  hours  after  death.  Body  moderately  emaciated,  slightly 
jaundiced.  Liiiii/x.  moderately  congested  and  (edematous,  llriirt.  left  ven- 
tricle slightly  dilated,  wall  rather  thin,  flaccid;  old  thickening  of  mitral 
and  aortic  valves.  Liter,  moderately  enlarged,  moderately  dark  brownish 
in  color,  but  not  slaty.  Splren.  moderately  enlarged,  firm,  dark  red  in 
color.  KUIneiix,  enlarged,  capsule  free,  surface  smooth,  cortex  thickened, 
pale:  markings  regular  but  indistinct.  (ki-stro-iiitcitiiKil  tnivt.  shows  no 
lesions  of  importance;  Beyer's  patches  are  not  enlarged  or  congested: 
mesenteric  lymph  nodes  are  not  enlarged.  The  stomach  contains  blackish 
fluid  but  there  are  no  evidences  of  gastro-duodenitis.  Brtiiii.  in  the  absence 
of  cereljral  symptoms,  was  not  examined.  Miirroir.  hypersemic,  but  shows 
no  gross  indi<-ations  of  nuilarial  infection.  Bluixh  moderately  ana*mic,  but 
not  otherwise   cliaimeil    in   color. 
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M irio-sfoiiic  L'jumiiHiliiiii. — Hiilccii  shoxv  s  the  usual  cliauyi's  of  iicute  ma- 
larial infection.  The  deposit  of  pigment,  altho\ij>:h  considerable,  is  inurli 
less  than  usual  in  fatal  ca.ses  of  malaria.  Smears  of  the  splenic  |)ul|)  made 
at  the  autopsy  showe<l  the  presence  of  a  very  few  ring-shaped  parasites 
in  red  cells.  The  pigmented  leucocytes  and  endothelial  cells  are  of  the 
usual  character  in  acute  malarial  infection. 

Liver. — The  deposit  of  pigment  is  rather  less  abundant  than  in  the  spleen 
and  is  limited  to  the  leucocytes  and  endothelial  cells.  The  liver  cells  show 
destruction  of  chromatic  network,  and  a  moderate  deposit  of  greenish 
granules;  some  contain  fat  globules.  In  the  smears  from  the  liver,  no 
parasites  could  be  identified,  but  some  atypical  intracellular  pigmented 
spheroidal    bodies   were   noted   which   may   have    been   malarial    parasites. 

Murroiv. — The  defxisit  of  pigment  is  scanty.  Fat  cells  are  moderately 
abundant  in  the  ribs,  but  the  evidences  of  cellular  hyperplasia  are  distinct. 
In  the  smears  some  typical  macrophages  englobing  parasites  in  all  stages 
of  digestion,  are  found.  A  few  infected  red  cells  are  seen.  The  nucleated 
red  cells,  eosins,  and  giant  cells,  are  deficient  in  number. 

In  the  other  viscera  the  deposit  of  pigment  was  much  less  aljuiulant 
than   in   nuist  eases  of  fatal   malaria,   aiul   no   ])arasites  co\ild    be   fouiul. 

Epicritical: — While  the  data  in  this  case  must  be  regarded  as  incon- 
clusive in  important  respects,  the  facts  demonstrated  render  the  case 
one"  of  unusual  interest  and  obscurity. 

The  most  important  feature  is  the  absence  of  parasites  from  the 
blood,  as  repeatedly  demonstrated,  in  a  patient  who  nevertheless  died 
with  a  typical  temperature  curve  of  fatal  testivo-autumnal  malaria. 
'I'iie  absence  of  parasites  in  this  instance  is  not  fully  explained  by  the 
in-fvious  treatment  with  .quiniiie,  as  in  all  other  cases  of  my  series  in 
which  all  parasites  disappeared  promptly  after  quinine,  the  patient 
improved.  Moreover,  it  is  an  almost  invariable  experience  that  cases 
of  malaria  that  die  without  parasites  demonstrable  in  the  blood  are 
more  chronic  cases  complicated  by  severe  anremia  or  cachexia.  All  the 
other  fatal  cases  of  acute  niahiria  seen  at  Montauk  showed  many  para- 
sites in  the  blood  at  ili'atli.  although  many  of  them  had  been  treated 
with  very  large  subcutaneous  injections  of  quinine  for  as  long  a  period 
as  in  the  present  case.  Accordingly  the  absence  of  parasites  from  the 
blood,  under  the  conditions  existing,  at  once  raised  a  doubt  regarding 
the  natitre  of  the  disease. 

The  possilile  existence  of  typhoid  fever  was  completely  set  aside  by 
the  autopsy,  unless  one  assumes  an  infection  by  B.  typhosus  without 
intestinal  lesions. 

Both  the  gross  and  the  microscopic  examinations  of  the  viscera, 
however,  as  well  as  the  clinical  history,  indicate  as  the  cause  of  death 
an  acute  malarial  infection  in  the  fourth  or  fifth  relapse,  proving  fatal 
10 
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witli  viM-y  lew  para.-iitC'.'i  in  tliu  Ijlood,  wliicli  disa])i)carc'd  proiniitly  <in 
the  administration  of  quinine.  The  present  ease  therefore  seems  to 
fall  jiroperly  in  a  rare  and  obscure  class  described  by  Marchiafava, 
Bifrnami,  and  Bastianelli '"  (18!)4),  in  which  U-w  parasites  were  foinul 
in  tlie  lilood  during  an  acute  fatal  attack  of  malaria,  and  in  which  no 
distinct  gross  signs  of  malarial  infection  were  found  at  autopsy,  the 
diagnosis  requiring  a  microscopic  examination  of  the  viscera. 

These  cases  occiiired  in  July  or  late  in  the  suimner.  They  usually  pre- 
sented the  rather  typical  elinieal  symptoms  of  pernicious  malaria,  espe- 
cially the  cerebral  symptoms.  On  examination  of  the  blood,  however,  even 
early  in  the  disease,  very  few  parasites  (one  or  two  in  a  single  slide)  or, 
later,  none  at  all,  were  to  be  found,  while  the  viscera  showed  no  distinct 
gross  lesions  of  a  jirevious  severe  malarial  infection.  On  microscopic  ex- 
amination of  the  viscera,  pigment  deposits  were  unusually  scanty  and  few 
or   no    parasites   were   found. 

These  cases,  according  to  the  authors,  are  not  to  be  classed  with  those 
in  which  the  parasites  gradually  disappear  in  severe  acute  infections,  none 
being  found  in  the  finger  blood  at  death  although  the  viscera  exhibit  alniu- 
dant  evidence  of  malarial  infection;  nor  yet  with  those  in  which  the  para- 
sites disappear  after  a  long  infection  has  spent  itself.  They  believe  that 
the  fatal  i.ssue  is  rather  to  be  referred  to  general  debility  of  the  patient. 
or  to  an  unusually  virulent  infection,  or  to  an  occasional  conibiiuition  xvith 
sunstroke. 

In  my  cast'  the  patient  had  not  suti'crcd  from  the  campaign  more 
than  had  many  others,  and  although  he  had  undoubtedly  been  living 
under  \cry  lui favorable  conditions,  this  fact,  though  important,  seems 
insufficient  of  itself  to  explain  the  unusual  features  of  the  disease. 
Neither  was  there  any  indication  that  the  patient  suffered  unusually 
from  the  heat  which  prevailed  at  that  time,  even  at  Camp  Wikotf. 
Finally,  a  virulent  malarial  infection  usually  jiroduces  very  large  num- 
bers of  parasites,  severe  ana'mia,  and  heavy  deposits  of  i)igment.  all  of 
which  were  absent,  at  least  in  the  fatal  attack. 

If  the  present  case  is  tn  lir  accepted  as  one  of  pcniition>  malaria, 
and  it  is  essentially  similar  tn  those  of  ilic  Italian  author>.  tlu-  i-onclu- 
sions  nnist  then  be  drawn  that  a'stivo-autumnal  malaria  may  pass 
through  four  or  five  relapsi-s  without  leaving  marked  deposits  of  pig- 
ment in  the  \  iscera  and  may  end  in  a  fatal  attack  in  which  very  few 
parasites,  which  soon  disap])ear  under  (juinine.  are  to  be  found  in  the 
blrod  or  viscera. 

.Vl'ler    referrine   to    their   own   cases   of    this   character    .Maichiafava 
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and  Hii>-ii;iiiii  take  pains  tn  state  lliat  afliT  years  of  pxperiencc  they 
hclicNc  that  !'alal  malaria  ilcics  not  exist  without  parasites  in  the  finger 
l)loo(l.  The  present  ease  cannot  be  regardeil  as  an  exception  to  this 
rigid  rule,  and  I  would  ])articularly  point  out  the  fact  that  the  patii'nt's 
hhiod  \\as  uol  cxanducij  until  T'.'  hours  al'ler  the  lieginning  of  treat- 
ment iiv  sulicuiaiic(Uis  injections  (d'  (|uiniue. 

Case  XW.—Fatnl  \htUnhi  finm  I ii(iili,i,i  irilh  Liiinc  Tirtiiiii  I'lini.silv  (dnhii). 
F.ftmiiv  .[iKiiniii.  I'lfilinKinl  Ciniiii  iiilli'iiil  /'(//7(.s-/7i.v  in  Uraiii.  i'dliiirlml 
rolitU.     Ihniioiiliihiiitdii-  Mdliiriiil    Fi-rir. 

(i.  F.,  afj-cil  :;:.'.  iiri\ate.  f.  S.  Ariii.v.  cont T-:icte(l  iiial:u-ial  fever  at  Sautia{>o 
ill  .hily.  isiis.  niiil  had  hail  repeated  rehipses  with  short  intervals  of  im- 
provetiuMit.  «lien  lie  had  felt  able  to  return  to  dut\ .  Had  often  experienced 
severe  shakinj>-  chills  at  somewhat  irregular  intervals.  Had  steadily  lost 
flesh  and  lieconie  very  anaemic.  About  Sept.  11,  was  again  prostrated  with 
severe  chills  and  fever  which  failed  to  respond  to  quinine  administered 
by  the  mouth  or  subcutaneously.  On  admission  to  General  Hospital  at 
Camp  WikofT,  Sept.  13,  the  patient  wa.s  comatose,  and  remained  so  until 
death  at  .1  A.  .M.,  Sept.  Itl.  When  seen  by  me,  Sept.  15,  the  patient  was 
comatose  and  moribund.  The  foreg-oing'  items  of  history  were  obtained 
from  Ur.  S.  \V.  .\llen.  of  Hoston,  who  had  seen  the  patient  on  admission, 
and  to  whom   I   am  indebted   for  the  opportunity  of  studying;  the  case. 

Aiitopxii. — 8  hours  after  death.  Body  much  emaciated,  excessively  aua-- 
mic.  and  slightly  jaundiced.  Chocolate-colored  fluid  exudes  from  mouth. 
A»M(/,<,  anterior  portions  anaemic,  posterior  much  congested,  moderately 
ledematous,  and  unusually  dark  in  color.  Heart  muscle  very  flabby,  of 
pale  brownish  ting'e;  valves  normal.  lUood.  very  watery,  of  slightly  brown- 
ish tinge.  <'oagiilating'  feelily.  IJrcr,  not  distinctly  enlarged:  of  slaty  color 
but  not  extremely  darlc;  outlines  of  lobules  very  indistinct;  gall-bladder 
distended  with  bile.  Siihrii.  g-reatly  euJarged,  soft,  but  not  diffluent;  of 
typical  chocolate  brown  color.  Pancreas,  small,  dark  salmon  in  color,  rather 
soft.  Kiditei/s.  slightly  enlarged,  surface  smooth,  cortex  thick,  deep  red.  in 
places  ru.sty,  markings  indistinct;  org'an  very  greatly  congested.  Utoiiiarli, 
partly  digested  in  places,  contains  some  dark  Ijloody  fluid.  Hmall  iiitestim:, 
exhibits  no  abnormalities.  Colon,  lower  third  the  seat  of  an  intense  catar- 
rhal inflammation  with  stiperficial  erosions,  and  swelling-  of  solitary  folli- 
cles. Mesenleric  lifnipli-nodes  are  not  enlarged.  Semns  nicntbrunc-s,  slightly 
darkened  and  jaundiced,  and  contain  slight  serous  efl'iisions.  Marrow,  very 
hypera'niic,  of  chocolate  brown  color.  ISrain,  white  matter  perhaps  slightly 
darker  than  usual;  dura  ami  pia  yellowi.sh;  no  effusions,  no  petechiic.  Spe- 
cimens preserved  in  5%  formalin. 

Microxroiiic  Ea-uniination. — Blood.  Sept.  1.').  Smears  <'ontaiii  a  very  large 
number  of  tertian  parasites  in  all  stages  of  development.  These  parasites 
arc  of  large  size,  richly  pigmented,  except  in  the  very  young  fonus;  their 
nuclei  fail  to  stain  by  methylene  blue,  and  the  infected  cells  are  mucli 
.swollen  and  distinctly  pale.  A  prolonged  .search,  repeated  on  seM'val  snb- 
se(pient  occasions,  failed  to  show  the  presence  of  any'  bodies  that  loiild  be 
classed  with  the  spstivo-autumiial  parasite.   All  the  ring  forms  were  ecnirse. 
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usually  piffinented,  with  a  larfft'  aclironiatio  s|)<it  (inethyleue  blue),  ami  the 
infected  cells  were   swollen. 

The  red  cells  show  the  changes  of  a  severe  secondary  chlorotic  aniemia. 
There  was  no  leucocytosis,  but  the  eosinophile  cells  are  not  relatively  num- 
erous.    A  nio<lerate   number  of  pigmented   leucocytes   were  seen. 

At  the  autopsy,  smears  u]x>n  jflass  slides  were  made  from  the  expressed 
marrow  of  the  ribs,  and  from  the  splenic  pulp. 

Smenrs  from  the  marroir  contained  an  abundance  of  pigrmented  cells.  The 
pigment  is  usually  darker  and  finer  than  that  seen  in  ipstivo-autumnal  in- 
fections. When  occurriufr  in  cluni])s,  the  clumps  are  rather  more  c()ni])act. 
but  most  of  the  jihagocytic  cells  contain  more  diffusely  scattered  pijrment 
grains  than  are  seen  in  a>stivo-autumnal  cases.  Many  rods  and  clumps. 
however,  are  indistinguishable  from  the  a-stivo-autiimnal  pigment.  Very 
few  infected  red  cells  could  be  found,  but  there  were  a  few  small  ]>ig- 
mented  intracellular  bodies  staining  faintly  with  methylene  blue.  Nucle- 
ated red  cells,  eosinophile  cells,  and  giant-ceils  are  distinctly  deficient. 

Smews  from-  the  spleen  contain  a  great  numl>er  of  pigmented  cells  similar 
to  those  of  the  marrow.  There  are  a  large  number  of  distinctly  stained 
pigmented  parasites  of  considerable  size.  Very  few  or  none  of  the  younger 
parasites  seen  in  the  blood  could  be  identified  in  these  smears.  No  vacuo- 
lated parasites  could  be  found,  but  there  was  a  considerable  variety  of 
small,  vacuolated  leucocytes,  many  of  which  were  pigmented  (Plate  XI. 
Fig.   8). 

Spleen. — There  is  extreme  pigmentation  of  all  the  larger  cells,  the  pig- 
ment showing  the  same  characteristics  as  in  the  marrow  and  liver.  No 
parasites  could  be  identified.  There  is  a  well-marked  cellular  hyperplasia 
of  the  pulp  tissue;  the  large  and  small  sinuses  are  choked  with  iiigmenti- 
ferous  and  other  cells:  the  Malpighian  bodies  are  reduced  in  size,  and  the 
blood  content  of  the  organ   is  increased. 

Abdominal  lymph  node^  show'  moderate  hy|)erp!asia,  slight  pigmentation 
of  endothelial  cells,  many  mast-cells,  but  no  parasites. 

Marroir  (rib). — The  pigment  deposit  is  very  heavy,  but  few  parasites 
could  be  identified.  The  cellular  elements  are  very  abundant  and  in  places 
there  seems  to  be  some  proliferation.  There  are  marked  congestion  of  all 
vessels  and  a  few  small  haemorrhages. 

Lirer. — There  is  extreme  pigmentation  of  endothelial  cells,  macrophages, 
and  leucocytes,  but  the  parenchyma  cells  are  almo.st  entirely  free  from 
brownish  pigment.  The  deposit  of  pigmetit  in  the  former  cells  differs  from 
that  seen  in  {estivo-autumnal  cases,  in  being  finer  and  more  diffuse  (Plate 
X.  Fig.  3).  -Although  there  are  many  cellular  iticlusions  in  the  phagocytes, 
no  parasites  could  be  positively  identified.  The  liver  cells  are  not  fatty, 
but  the  chromatic  reticulum  is  faint  and  irregular,  and  many  cells  con- 
tain coarse  greenish  granules.  .\  few  small  foci  of  necrosis  were  fotind. 
in  the  neighborhood  of  which  dilated  capillaries  filled  with  large  ))liago- 
cytic   cells   were   sometimes   noted. 

Kidney. — The  blood  content  of  the  organ  is  enormously  increased.  All 
the  large  vessels  are  gorged  with  blood,  the  intertubular  capillaries  in 
numerous  small  areas  are  greatly  dilated  and  distended  with  blood.  The 
capillary  walls  are  usually  intact,  but  in  many  jjlaces  there  are  small 
hiemnrrliasres    into    the    tubnlcs.     Everywhere.    es])eciaUy    in    the    medium- 
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sized  and  larjjer  vessels,  there  are  peeiiliar  eoUeotions  of  pigment  to  he 
described  later.     The  quantity  of  ordinary   malarial  pigment   is  not   large. 

The  cells  of  the  convoluted  tubules  show  advanced  stages  of  degeneration. 
In  the  less  congested  areas  the  cells  are  moderately  eroded,  and  contain  a 
large  deposit  of  fine  yellowish  granides  of  hiemosiderin.  Near  the  luemor- 
rhages  and  between  markedly  dilated  capillaries,  the  tubule  cells  are  iifteu 
necrotic,  the  nuclei  fail  to  stain,  and  the  protoplasm  is  broken  up  iuio 
shiny  opaque  glol)ules  staining'  with  eosin.  Sometimes  the  entire  cellular 
lining  is  fused  into  a  homogeneous  opaque  mass  entirely  detached  from 
the  membrana  projiria.  In  some  lining  cells  and  in  some  tubules  there  are 
a  few  jjigmented  parasites,  uhiih  are  also  to  be  seen  in  the  capillaries. 

IjiiiKj-t. — All  capillaries  contain  an  enormous  quantity  of  granular  and 
crystalline  pigment  in  leiicocxtes.  endothelial  and  epithelial  cells,  and  free 
in   the   vessels.     No   parasites   were   identified. 

iStmniich  and  .iiiiiill  iiitcntiite,  neg'ative.  The  inflamed  culdii  shows  intense 
congestion  of  mucosa,  exfoliation  of  epithelial  lining'  in  places,  moderate 
pigmentation  of  levicocytes  and  of  endothelial  cells.  Xo  malarial  parasites 
identified   and   no  Amnebii?   dysenteriii?    found. 

Beait  iiiiisrir. — In  the  cajjillaries  of  the  heart  muscle  thei'c  are  a  good 
many  richly  pig-mented  leucocytes,  considerable  deposits  of  crystalline  pig- 
ment, but  very  few  jnirasites  could  be  found,  either  in  the  red  cells  or 
leucocytes,  or  in  the  i)lasnia.  There  is  considerable  artificial  separation 
of  muscle  cells  in  some  places,  but  the  tissue  shows  no  evidence  of  inflam- 
mation nor  the  cells  any  marked  signs  of  degeneration.  Many  of  them 
show  a  deposit  of  greenish  granules  about  the  nucleus.  There  are  a  great 
many   huge  mast-cells  in  the  endomysium. 

Brain. — Throughout  the  cortex,  medulla,  and  cerebellum,  there  is  the 
usual  hyperteiiiia,  but  the  great  majority  of  all  vessels  are  entirely  free 
from  jiiginent  and  parasites.  In  a  good  many  capillaries  an  isolated,  pig- 
mented, intracellular  spheroidal  body  is  found,  of  slightly  larger  size  than 
those  seen  in  aestivo-autnmnal  cases.  The  pigment  in  these  bodies  usually 
appears  in  coarse  dark  grains.  In  a  very  few  capillaries,  there  are  masses 
composed  of  a  few  pigmented  spheroidal  parasites,  pigmented  leucocytes 
and  swollen  pigmented  endothelial  cells,  capable  of  partly  obstrticting  the 
circulation  in  the  capillary,  but  these  obstructed  vessels  are  so  scarce  that 
it  seems  hardly  possible  to  refer  the  cerebral  symptoms  to  this  condition. 

There  is  a  uniform  reduction  in  the  size  and  number  of  chromatic  bodies 
in  the  ganglion  cells  and  considerable  post-mortem   clouding. 

Epicritica], : — Wliile  the  statement  of  Italian  authorities  has  long 
held  true  that  no  autopsy  has  been  reported  in  a  case  of  malaria  with 
infection  by  the  large  tertian  parasite,  as  the  infection  is  never  fatal, 
the  present  case  requires  a  modification  of  this  view,  offering  an 
instance  of  fatal  uncomplicatt'd  malaria  with  infection  by  the  large, 
and  so-called  "benign"  tertian  naiT.sitc  ilcni(iiislrat(Ml  in  the  lilood 
during  life  in  large  numbers  and  without  admixture  with  other  varie- 
ties, and  indicated  further  by  the  somewhat  peculiar  charactrr  of  the 
pigment  deposits  in  the  viscera 
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The  above  claim  ol'  the  Italian  observers,  altiiouf(li  based  on  a  very 
wide  knowledge  and  experience,  must  be  regarded  as  too  sweeping, 
since  almost  any  condition  may  occasionally  prove  fatal  through  acci- 
dental complications.  Thus.  Barker "  lias  reported  a  case  of  tertian 
malaria  with  autopsy,  in  which  death  was  referable  to  general  infection 
with  Streptococcus  pyogenes. 

In  another  case  seen  by  me  at  Montauk.  death  occurred  in  the  third 
relapse  when  the  blood  contained  a  great  many  large  tertian  parasites, 
and  no  other  organisms  were  found  after  re])e-.ited  and  i)rolongcd 
examinations.  Death  in  this  case  was  undoubtedly  due  In  tlic  growth 
of  this  usually  benign  parasite,  but  in  a  subsecjuent  review  of  one  of 
the  specimens,  a  single  crescent  was  encountered,  necessarily  throwing 
the  case  in  the  class  of  double  infections,  according  to  the  ])resent 
theory  of  malarial  species,  but  not  seriously  vitiating  its  value  as  a 
proof  that  the  large  tertian  parasite  is  occasionally  nuilignant. 

Tlie  severity  of  the  anaemia  in  tlic  present  case  also  deserves  men- 
tion, in  view  of  the  general  rule  thai  the  large  tertian  parasite  is  less 
active  in  impoverishing  the  blood  than  the  malignant  tertian.  Although 
the  lib.  was  not  estimated  nor  the  cells  counted,  the  pallor  of  the 
patient,  the  ana'inia  of  the  viscera,  and  the  watery  condition  of  the 
blood  in  the  large  vessels  indicated  a  state  of  anrKmia  which  was  not 
exceeded  in  any  other  case  of  the  series. 

The  prolonged  coma,  with  very  few  parasites  and  very  little  i)igment 
in  the  brain,  classes  this  case  with  others  which  indicate  that  pro- 
foinid  cerebral  disturbance  in  acute  malaria  is  not  necessarily  con- 
nected with  the  localization  of  parasites  or  pignieiU  in  the  cerebral 
capillaries. 

The  ejitarrlial  colitis  ami  its  cause  are  a  feature  of  interest  in  this 
case.  The  microscopic  examination  failed  to  reveal  any  evidence  that 
the  malarial  infection  was  directly  concerned  in  this  lesion,  as  few 
parasites  and  little  pigment  were  found  in  the  wall  of  the  colon. 

The  character  of  the  pigment  in  the  case  deserves  s))ecial  attention. 
As  already  mentioned,  its  occurrence  in  finer  and  darker  grains  more 
diffusely  scattered  throughout  most  phagocytes,  especially  in  the  he- 
patic endothelium,  appears  as  a  feature  which  may  serve  to  distinguish 
the  de])osits  of  tertian  from  those  of  most  sestivo-autumnal  infections. 
Throughout  the  viscera,  in  the  small  and  medium-sized  vessels  and  in 
some  capillaries  there  were  de])osits  of  a  peculiar  form  of  pigment 
somewhat  similar  in  color  to.  but  difTerent  in   form  from,  that  elabor- 
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utcil  liy  tlu>  malarial  parasite.  Sections  of  some  of  the  injected  vessels 
a|i|. cared  almost  black  from  deposits  of  this  material.  On  examina- 
liim  this  pij;iiK'i)t  appeared  in  the  form  of  tine  or  coarse  grains,  or 
>hort  rods,  or  short  acicular  crystals  <il'  dark  lirown  color.  It  was 
usually  attached  to  the  surface  of  the  red  cells,  but  much  was  free  in 
the  plasnui.  A'arious  stages  of  its  formation  could  be  followed  in  the 
blood  vessids  of  the  kidney,  pia  mater,  and  heart-muscle.  In  the  earli- 
est stage  noted  the  red  cells  were  found  to  be  fringed  with  a  row  of 
small  dark  granules,  while  the  body  of  the  cell  exhibited  a  faint  yellow- 
i^h-llrown  tinge.  This  appearance  was  often  limited  to  the  central' 
portions  of  the  mass  of  blood  in  the  vessels,  while  adherent  to  the  walls 
were  leucocytes  containing  malarial  pigment  of  the  ordinary  character 
(Plate  XII,  Fig.  11). 

When  more  abundant,  the  pigment  grains  were  usually  of  larger 
size  and  in  quantity  sufficient  to  fill  the  interspaces  between  the  red 
cells.  In  this  case  the  section  of  the  injected  vessel  sometimes  ap- 
peared opaque  and  brownish.  Usually  the  deposit  was  very  abundant 
and  the  red  cells  were  covered  with  rod-shaped  granules  or  short  acicu- 
lar crystals  lying  in  or  on  the  cell,  or  in  the  plasma  (Plate  XII,  Fig.  12). 
Such  cells  sometimes  exhibited  a  diffuse  dark-brown  color.  Eadiating 
groups  of  finer  acicular  crystals  were  commonly  found  in  the  richer 
dc]H)sits.  In  the  kidney  and  heart  muscle  many  arterioles  were  almost 
black  with  the  deposits.  No  parasites  were  found  in  any  of  the  red 
cells  affected  by  the  process.  The  bodies  of  the  leucocytes  were  usually 
free  from  pigment  grains  of  this  character,  but  many  were  surrounded 
by  numerous  crystals,  especially  in  the  capillaries. 

The  distribution  of  the  deposits  was  peciiliar.  They  were  found 
most  abundantly  in  the  heart  muscle  and  kidney;  the  earlier  stages 
were  iKited  in  the  lungs,  pia  mater,  and  alidoniiiial  fat  and  lymph 
nodes:  a  few  c-rystals  were  seen  in  the  marrow;  while  the  liver  and 
spleen,  containing  an  unusual  quantity  of  ordinary  malarial  pigment, 
failed  to  show  any  trace  of  this  crystalline  variety. 

These  extensive  deposits  of  pigment  \\liich  were  found  in  nearly 
all  parts  of  the  general  circulation  seem,  witlnnit  douljt,  to  be  referable 
to  a  greatly  increased  globulicidal  action  of  the  plasma,  and  taken  in 
connection  with  the  renal  lesions,  indicate  that  the  patient  was  suffer- 
ing from  that  eNti'cine  form  of  destruction  of  blood  which  character- 
izes ha'moglohinuric  malai'ial  fever. 

C.\.SE  VIII. — .TJstii-o-AiitiiiiiiKil  Mahirid.  Aiiiuliif  Colitis:.  K.rtn'iic  Miiliiriiil 
Infection.  Ahsence  of  Piijiiient  and  J'tim.titc.s  from  tin-  H'k//  of  tlir  Culvii.  E.v- 
tensice  Growth  of  AmcElxr. 
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.1.,  aged  21,  private,  U.  S.  Army.  When  received  at  the  (Jeneriil  H()s|)ital, 
Sept.  1),  on  his  return  from  Saiitiag-o,  tlie  patient  was  too  ill  to  give  an 
aecoiint  of  himself.  He  was  then  in  a  typhoid  state,  e.xtremely  emaciated, 
with  incontinence  of  fa-ces,  and  mild  delirium.  Temperature  103°.  pulse 
feeble.  The  temperature  fell  to  '.17°  in  the  course  of  4S  hours,  but  the 
patient  showed  no  tendency  to  improve.  He  was  given  moderate  doses  of 
<iuiiiine  by  month,  and  the  diarrhtea  was  imjjerfectly  controlled  by  astrin- 
gents.    The  condition  was  at  all  times  hopeless  and  he  died  Sept.  I'.i. 

Autopni/. — Two  hours  after  death.  Hody  e.xtremely  emaciatecl  and  anje- 
niic.  lAinija,  show  areas  of  <pdenia  and  hepatization.  Hiiirt.  no  gross 
changes.  lArer.  not  enlarged:  color  very  dark  brownish,  slaty:  outlines  of 
lobules  indistinct:  gall-bladder  distended  with  bile.  Siiltrii.  very  large, 
rather  firm,  of  very  dark  chocolate  color.  st(tiini<-li.  small,  contracted. 
Siiitill  hitrxthie,  negative,  ('ohm,  lower  third  the  seat  of  numerous  ulcers 
of  nioilerately  large  dimensions;  bases  and  edges  necrotic  and  undermined, 
covered  with  bloody  necrotic  material:  vicinity  in  some  areas  covered  with 
fibrin.  Faeces  greenish  gray  in  color;  semi-solid;  contain  little  mucus;  mi- 
croscopically, they  contain  a  little  pus  and  epithelium,  many  bacteria, 
many  fat  crystals,  no  pigmented  leucocytes,  a  little  food  detritirs.  No 
amoebie  could  be  found.  Mrscntfiir  li/iiii)li  noden,  much  enlarged,  hypera-mic, 
very  slightly  pigmented.  Marroir.  hypei^emic.  of  <-hocolate  tinge.  /{Inud, 
watery:  shows  a  chocolate  tinge. 

M ieroxcftjjic  Exdmhiatioii. — i^plerii.  Shows  llie  usual  lesions  of  active  nul- 
la ria. 

Litrr. — There  are  iulvanced  degenerative  changes  in  the  liver  cells.  The 
deposit  of  pigment  in  various  cells  is  extremely  abundant.  .\  moderate 
number  of  pigmented  s])heroidal  parasites  in  the  red  cells,  free  in  the 
capillaries,  and   englobed   in  macrophages  w-ere   identified. 

Marrow. — In  the  marrow  of  the  ribs  there  is  an  abundant  deposit  of  fresh 
pigment  and  several  pigmented  parasites  were  identified.  Nucleated  red 
cells,  eosins,  and  giant-cells,  are  deficient. 

lilodil. — At  autopsy  found  to  contain  a  moderate  number  of  ring-shaped 
aestivo-autumnal  parasites.  Ked  cells  showed  the  changes  of  severe  chlo- 
rotic   ana>mia.     There   was   a    moderate   polynuelear   leucocytosis. 

Colon. — The  ulcers  extend  through  the  mucosa,  often  to  the  mnscularis, 
and  are  floored  by  a  partly  necrotic  tissue  infiltrated  with  pus  and  blood. 
Muscularis  is  often  infiltrated  with  rows  of  large  round  cells.  There  is 
very  little  attempt  at  healing',  and  the  process  seems  everywhere  to  be 
advancing. 

.\nioeba  dysenteriae  is  found  in  considerable  numbers  in  the  submucosa. 
The  aniceba?  are  most  abundant  beyond  the  edges  of  the  inflamed  areas, 
groups  of  them  being  found  where  there  are  no  signs  of  exudative  inflam- 
mation. In  the  bases  of  the  ulcers  and  in  the  necrosing  portions  they  are 
absent  or  very  scarce.  Kvidences  of  the  malarial  infection  here  are  very 
scanty,  most  of  the  vessels  being  entirely  free  from  parasites  and  pigment. 
Karely  an  isolated  slightly  ])iginented  leucocyte  is  encountered,  but  no 
parasites  could  be  found. 

There  is  an  extensive  growth  of  bacilli,  ai)parentlv  post-mortem,  in  and 
on  the  ulcerating  areas.  No  cocci  could  be  found  in  the  sections.  The 
complete   preservation   of   the   amoeba',  and    the   absence   of   post-mortem 
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changes  beyond  the  walls  of  the  uleers,  a.s  \vell  as  the  absence  of  piffment. 
precludes  the  possibilil.v  that  malarial  parasites  could  have  been  present 
in  the  ulcers  during'  life  and  tliiap])eared  very  shortly  after  death  (2  hours). 

Ei'U'RITICAl: — Tlio  present  case  ilhistriites  a  c-omlition  rather  coni- 
niouly  eneotintered  among  the  siek  at  Canqi  W'ikoff  on  their  arrival 
from  Santiago.  In  the  present  instance  the  two  protozoan  infeetioiis 
appear  to  have  limited  themselves  strictly  to  their  natural  situations 
and  to  have  had  little  influence  upon  each  other. 

The  wall  of  the  colon  contained  large  numbers  of  aniffibse,  while 
exhibiting  ahuost  no  indications  whatever  of  the  coincident  malaria. 
The  liver,  spleen,  marrow,  and  peripheral  bluoil.  on  the  other  hand. 
showed  the  changes  referable  to  an  extreme  nuilarial  infection  qiute 
as  severe  as  that  demonstrated  in  some  cases  of  fatal  uncomplicated 
malaria.  If  there  is  any  special  tendency  of  an  inflamed  and  ulcerated 
colon  to  gather  malarial  parasites  or  pigment  from  the  blood,  it  failed 
entirely  to  show  itself  in  this  case. 

It  may  be  specially  noted  that  while  amoebae  were  very  abundant  in 
the  wall  of  the  colon,  none  whatever  were  found  in  the  f»ces  although 
they  were  carefully  examined  under  favorable  conditions  at  the  autopsy. 
It  should  be  said  that  there  was  very  scant  mucus,  though  considerable 
bloody  necrotic  material  attached  to  the  fa-cal  matter. 

Case  IX. — Tertimi  Mahirin.  cliiiniic  EiuUifiinlitix.  llix/iuxitUm  of  ii'xiiiicnt 
three  months  after   xulixiilim-r  of   the   m-tire   hifeetUjii. 

J.  H.,  aged  48  years.  Ha<l  suffered  considerably  for  two  years  past  from 
dyspnoea  on  exertion,  palpitation,  attacks  of  bronchitis,  and  transitory 
oedema  of  extremities.  In  June  1S9T  he  had  a  sharp  attack  of  chills  and 
fever,  but  recovered  under  quinine.  These  attacks  were  repeated  at  inter- 
vals during-  the  summer  but  no  acute  attacks  occurred  during  the  winter  of 
1897-98.  In  June,  1898,  the  attacks  recurred  and  the  patient  was  admitted 
to  hospital  in  a  very  debilitated  condition.  The  spleen  was  much  enlarged, 
the  ana>mia  marked,  and  many  tertian  parasites  were  found  in  the  blood. 
The  last  acute  attack  occurred  early  in  July,  1898.  Quinine  was  admin- 
istered constantly  and  no  further  relapses  occurred.  Meanwhile  the  symp- 
toms of  endocarditis  had  steadily  progressed  and  on  Octoljer  11,  the  patient 
died. 

Aiitdlisii. — One  hour  after  death,  by  Dr.  John  H.  Larkin.  to  whom  I  am 
indebted  for  the  material  from  the  case. 

Heart,  much  enlarged,  chambers  dilated,  and  the  mitral  and  aortic  valves 
markedly  stenosed.  Lunys,  very  emphysematous,  hirer  showed  chronic 
congestion  and  fatty  degeneration,  but  no  gross  indications  of  malarial 
infection.  Spleen,  much  enlarged,  firm,  and  untistially  dark  in  color. 
KUliieys,  the  seat  of  chronic  congestion  and  slight  chronic  diffuse  nephritis. 

Miemxeiiiiie  E.riiniiiKiliiiii. — S/ilern.     The  Spleen  shows  nu)derate  evidences  of 
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chronic  congrestion.  in  the  widening  of  tiio  pulp  sinuses.  The  MMljiiiihiiin 
Ijotlies  are  distin<-tly  outlined.  Most  of  the  pigrnient  is  gathered  in  larg-e 
eong'lomerale  masses  of  dark  coarse  g^rains  lying  in  and  distending  the 
endothelial  cells  and  macrophages  about  the  Malpighian  bodies,  or  in  the 
walls  of  the  splenic  jirterioles,  or  in  tin-  sei)ta  ami  walls  of  the  veins  ( I'late 
X\'.  I'ig.  IS).  A  moderate  number  of  endotlielial  cells  and  macrophages 
in  the  pulp  tissue  contain  a  scanty  deposit  of  yellowish  discrete  grains. 
The  red  cells  in  both  liver  and  spleen  are  well  preserved,  and  some  contain 
pigment  grains  and  bluish  stained  spheroidal  bodies  which  cannot  l)e  cer- 
tainly identified  as  malarial  parasites. 

Liter. —  There  are  well-marked  lesions  of  chronic  congestion  with  dilatation 
of  the  capillaries  in  the  centres  of  lobules,  with  atrophy  of  the  adjoining 
cells,  and  fatty  degeneration  of  central  and  peripheral  cells.  Most  of  the 
pigment  is  collected  in  very  large  intracelbilar  masses  either  in  the  portal 
canals  or  in  the  centres  of  lobules  (Plate  XV.  Fig.  19).  A  few  endothelial 
cells  throughout  most  lobules  contain  scattered  grains  of  ap])arently  fresh 
pigment.  The  liver  cells  appear  to  be  entirely  free  from  malarial  pigment 
which  is  confined  to  the  endothelial  cells  and  large  macrophages  lying  loose 
in  the  capillaries,  or  between  the  connective-tissue  fibres  of  the  portal 
canals.  The  i)igment  grains  are  usv.allj-  coarse,  dark,  and  thi<-l<ly  con- 
glomerate, but  less  often  are  small,  yellowish  and  discrete. 

Mnrrnw. — A  few  endothelial  cells  containing  coarse  black  pigment  grains 
were  found. 

/,/i»(/.s.— Any  malarial  pigment  present  could  not  be  distinguished  from  the 
anthracotic  pigment  of  the  septa  and  the  fresh  blood  detritus  in  the  epi- 
tlu'lium  of  the  vesicles,  belonging  to  the  chronic  congestion  of  the  organ. 

Kpicritical: — The  present  case  is  reported  to  illustrate  the  condi- 
tion of  the  malarial  pigment  three  months  after  the  subsidence  of  the 
acute  infection.  It  will  be  seen  that  this  period  had  sufficed  to  remove 
the  traces  of  nialariai  infection  from  most  of  the  viscera,  while  in  the 
chief  depots  of  pigment,  the  spleen  and  liver,  the  pigment  had  been 
largely  transferred  from  the  parenchyma  to  the  connective  tissue  struc- 
tures, giving  sections  of  these  organs  a  very  characteristic  aiJiiearance 
(Plate  XV,  Figs.  18  and  19). 

It  is  to  be  noted  that  the  above  period  was  not  sufficient  to  enable 
all  the  endothelial  cells  of  the  liver  and  spleen  to  become  entirely  free 
from  pigment,  some  of  them  still  presenting  the  usual  appearance  of 
the  phagocytes  of  acute  malarial  infection.  It  is  possiljle.  however, 
that  these  cells  were  further  signs  of  a  partly-suppressed  growth  of  the 
jiarasite,  uncertain  indications  of  which  were  also  noted  in  the  pres- 
ciu-e  of  bluish-staining  pigmented  bodies  found  m  a  few  veil  cells.  In 
a])])earance  the  old  pigment  was  considerably  blacker  than  the  fresh 
deposits.  It  was  n,-ually  gathcri'd  in  more  c-omiiact  and  soniewhal 
larger  spheroicbil  masses,     .\botit  the  clump-;  the  outlines  o!  an  eiiclos- 
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iiijr  cell,  often  enormously  (listeinleil.  coiilil  nearly  always  l)e  disrovereil. 
])iit  some  of  the  pio-ment  apjieared  to  lie  lyinu'  free  in  the  lynqihalii- 
spaces  of  the  connective  tissue. 

Most  forms  of  jijuinenl  deposited  in  tissues  underiio  yratluai  solution 
in  their  inclosing  cells,  yielding,  in  the  ease  of  iron-holding  piguu'ni. 
a  diffuse  reaction  of  hiemosiderin  (Ziegler,  Thonia,  Xeelsen).  Wluui 
suhmitted  to  tile  test  for  liu'mosiderin,  the  cells  in  the  neighhorhood 
of  the  ]iigment  clumps  often  gave  a  more  intense  Idue  reaction  than 
was  found  in  the  other  portions  of  the  liver  and  spleen.  On  the  out- 
skirts of  till'  chimps  the  granules  appeared  very  fine,  translucent,  and 
of  a  vellowish  tint.  Init  none  of  these  granules  gave  the  hhie  reaction. 

C.vsK  \.— Acute  mrtrilif:.  I'liniliiil  ii,rili>iiili.s.  from  iiifiTli<,ii  irilli  Stniit<,- 
cmvii.i  plimiciies.  E.rlrciiii'  ih'imsits  uf  iili/nioit  in  nil  rise  (in.  i-Insih/  irsiinhliiiii 
tluisr  iif  maliirUi. 

li.  D.,  ag'ed  25.  There  was  no  previous  history  of  malarial  infection.  The 
patient  had  always  enjoyed  fjood  health  since  ehildhood.  Jan.  2,  1899,  the 
patient  was  delivered  of  a  healtliy  infant.  .She  felt  well  until  .Ian.  li,  when 
she  was  suddenly  seized  with  a  chill  and  fe\er,  while  the  lochial  dischargfe 
increased  in  quantity.  The  physician  in  charg'e  regarded  the  ciuidition  as 
referable  to  malaria  and  administered  quinine  by  mouth  in  large  doses. 
The  fever  persisted  and  the  chills  were  repeated,  but  there  was  no  distinct 
periodicity  in  their  occurrence.  A  digital  exploration  of  the  titerus  was 
made  on  .Ian.  7.  and  its  cavity  was  found  to  be  free  from  placental  remains. 
A  severe  diarrhoea  developed  but  yielded  to  opium,  and  was  succeeded  by 
constipation  on  Jan.  12.  Jan.  13,  another  physician  was  called  in,  who 
found  signs  of  g'eneral  peritonitis,  advising-  removal  to  hospital.  He  g^ave 
no  (|uinine  on  Jan.  13  and  14,  and  it  could  not  be  learned  how  long-  this 
treatment  had  been  continued.  Xo  local  treatment  had  been  u.sed  at  any 
time.  On  admission  to  Roosevelt  Hospital,  Jan.  15,  the  jiatient  was  in 
collapse,  with  sig-ns  of  general  peritonitis  and  a  moderate  discharge  from 
the  uterus  of  chocolate-colored  fluid  of  slight  odor.  The  symptoms  were 
entirely  those  of  peritonitis  from  jnierperal  infection.  Teni|).,  104°:  pulse. 
Kill;  res])iration.  3S.  The  urine  was  acid,  sp.  g".  1024.  contained  a  trace  of 
albumin,  pus,  blood,  many  vesical  and  renal  epithelial  cells.  l)iit  no  casts. 
Death  followed  a  fe^v  hours  after  admission. 

Aiitniixii. — By  Dr.  Eug-ene  Hodenpyl,  20  hours  after  death.  Hody  of  fairly 
nourislied  aiucmic  and  jaundiced  subject.  No  oedenui.  Liiiijis.  much  con- 
gested, (edematous,  with  a  few  small  areas  of  hepatization.  Heart,  muscle 
l)ale,  flabby,  valves  normal,  chambers  slig^htly  dilated.  Liri'r,  size  slightly 
increased,  section  smooth,  rather  darker  than  usual,  outlines  of  lobules 
indistinct.  Gall-bladder  contains  2  oz.  of  dark  bile,  ftpleeii,  moderately 
enlarged,  very  soft,  of  well-marked  slate  color.  Kidiiei/s,  slightly  enlarged 
and  softened,  nuirkings  swollen,  indistinct;  cortex  irregularly  congested  and 
mottled.  I'rritdncdl  niritii  contains  a  half-pint  of  sero-purulent  fluid  and  is 
everywhere  highly  inflamed  and  granular.  Gaatro-iiitrstiiHil  trnct.  no  lesions. 
Miirrnir   of   ribs   and    vertebrse.   very   hyper;cmic,   and   of   dark    brown    color. 
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Hriiiii.  pia  sli'jlit l_v  ledeinatoiis,  vessels  porfrfd  with  blood,  lirain  tissue 
jjuiiullced;  no  eceh.vnioses  or  other  abnoruiiilities  noted,  i'teni-n,  slig-htly 
involuted,  wall  rather  friable,  pale:  niueosa  deejily  congested,  of  dark  red 
color,  covered  with  a  thin  chocolate-colored  layer  of  mucus,  blood  and  pus. 
.No  remnants  of  placental  tissue  to  be  seen  in  the  cavity  of  the  uterus, 
t'ervix  moderately  lacerated.  No  thrombi  or  pus  in  vessels  of  broad 
lig-ament. 

No  cultures  were  made  from  the  pcritoneuiu  or  uterus.  In  smears  of  the 
pus  from  the  peritoneum  and  from  the  uterine  discharge  large  numbers  of 
cocci  in  short  chains  were  found.  In  sections  of  the  wall  of  the  uterus 
large  numbers  of  cocci  in  short  chains  were  found,  but  only  on  the  surface 
or  superficial  portions  of  the  mucosa.  These  cocci  were  identical  in  mor- 
phology with  the  ordin.-iry  form  of  Streptococcus  pyogenes  seen  in   ])us. 

MicroHCopk-  Ejamimitioii. — t^iilriii.  There  is  a  very  abutidant  deposit  of 
pigment  in  the  endothelial  cells  and  macrophages  of  the  pulp.  In  the 
sinuses  there  are  many  richly  pigmented  leucocytes.  The  pigment  is 
mostly  in  the  form  of  grains,  short  rods,  or  longer  acicular  masses.  It  is 
very  freciuently  arranged  in  the  form  of  a  small  mass  of  fine  brownish 
grains  or  crystals.  In  .soitie  places  it  is  more  compact  and  darker.  .About 
some  of  the  masses  there  are  minute  vacuoles.  Xo  malarial  parasites  coidd 
be  seen  within  the  red  cells,  lint  many  contjiin  one  or  more  coarse  pigment 
grains. 

Smears  of  the  sjjleen  show  abundant  |)ignu'nt.  priiicii)ally  in  the  large 
mononuclear  cells.  The  pigment  is  principally  granular,  but  many  short 
crystals  are  seen.     No  malarial  parasites  could  be  identified. 

Liver. — The  pigment  in  the  liver  is  very  abundant,  occurring  in  the  same 
form  as  in  the  spleen.  The  Ijver  cells  contain  considerable  pigment  in  the 
form  of  granules,  spheroidal  or  wreath-shaped  masses,  or  elongated  rods. 
Many  of  the  elongated,  rod-shaped  collections  lie  in  small  clear  .spaces  within 
the  liver  cells,  which  contain  also  much  greenish  granular  bile  pigment  and 
show   moderate  fatty  degeneration.     No  malarial   parasites   were  .seen. 

Kiiliieii. — There  are  evidences  of  acute  degeneration  of  the  tubule  cells. 
The  convoluted  tubules  and  adjoining  capillaries  are  nearly  free  from  pig- 
ment. In  the  glomeruli  are  a  few  pigmented  endothelial  cells  and  leuco- 
cytes. In  the  medulla  and  medullary  rays,  many  of  the  lining  cells  contain 
numbers  of  wreath-like  masses  of  granular  atid  crystalline  j)igment.  The 
adjoining  vessels  are  injected  with  blood  containing  many  ])igmented  leuco- 
cytes, apparently  free  j)igment  granules,  and  ;i  few  pigment  wreaths,  but 
no  parasites. 

Henrl-mimrle. — A  considerable  number  of  iiigminted  leucocytes  are  present 
in  the  capillaries  but  no  parasites  could  be  found. 

LidniS  contain  a  rich  deposit  of  pigment  lying  |)rincipally  in  the  capillary 
endothelium  and  outlining  the  vesicles  in  a  pigment  network.  Some  of 
these  (tidothelial  cells  or  macrophages  are  of  extreme  length  and  contain 
small  wreaths  of  brownish  pigment  grannies  and  crystals.  Other  cells  show 
larger,  denser  clumps  of  pigment.  In  the  pneumonic  areas  the  exudate  is 
composed  largely  of  polynnclear  leucocytes  among  which  lie  many  pigmented 
cells. 

f/pni.s. — The  large  superficial  uterine  sinuses  contain  blood-clots  in  many 
stages  of  organization.  Over  tlie  inner  surface  of  the  uterus  there  is  a  thin 
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layer  of  pus  and  granular  detritus  entangling'  many  pigmented  leucocytes 
and  a  great  many  cocci  in  sliort  chain-^.  The  evidences  of  exudative  inflam- 
mation are  limited  to  the  superficial  tissues.  In  the  deeper  tissue  there  is 
an  extremely  abundant  deposit  of  wreath-shaped  masses  of  pigment  within 
capillaries,  eiulothelial,  large  and  small  mononuclear,  and  connective-tissue 
cells.  In  many  foci,  especially  in  the  neighborhood  of  large  vessels,  the 
pigment  is  ijuite  as  abundant  as  in  the  spleen.  The  sinuses  and  capillaries 
are  injected  with  blood  containing  a  large  amount  of  free  pigment  and 
numy  pigmented  leucocytes  (Plate  XI,  Fig.  10).  Xo  malarial  organisms 
could  be  identified.     Xo  smears  were  made  from  this  organ. 

Mdiroir. — The  marrow  sections  and  smears  contain  a  moderate  number  of 
pigmented  macrophages  and  endothelial  cells.  Xo  infected  red  cells  could 
be  found.  Xucleated  red  cells  are  abundant;  the  myelocytes  are  in  excess: 
the  giant  cells  are  slightly   increased;  there  are  very   few  eosinophile  cells. 

Ilriihi  iuhI  Mfiliilla. — .\  few  pigmented  endotlielial  cells  and  leucot'ytes  were 
found,  but  no  parasites. 

Uli:(i(l  siin'nrx  were  n\ade  at  the  autopsy  from  the  finger  tij),  mesenteric 
veins,  and  cerebral  sinuses.  The  red  cells  exhibited  the  changes  of  a  severe 
chlorotic  an.i^mia  with  leueocytosis.  A  few  pigmented  leucocytes  were  seen. 
In  spite  of  prolonged  and  repeated  search  no  parasites  could  be  identified 
in  the  blood  smears. 

The  blood-wssels  throughout  many  of  the  vis<'era  contain  an  abundant 
deposit  of  ]>iginent  in  granular  and  crystalline  form,  lying'  outside  of  and 
adherent  to  the  red  cells.  Many  of  the  red  cells  have  a  peculiar  brownish 
tinge.  Much  pig'ment  lies  within  leucocytes  and  endothelial  cells,  and  the 
ti.ssues  in  the  neighborhood  of  such  vessels  sometimes  contain  a  moderate 
deposit  of  pigment  granules  and  crystals. 

Kpu'HITical:  — The  prct^eiit  case  i.s  inserted  in  tliis  connection  for 
tile  purpose  of  illustrating  the  great  similarity  which  the  ])igini'nt 
deposits  of  septic  conditions  may  show  to  those  of  malaria. 

In  this  case  the  possibility  of  malarial  infection  may  be  ruled  out 
on  the  previous  history,  the  distinct  onset  and  course  of  ordinary  septic 
metritis  and  peritonitis,  by  the  failure  of  quinine  to  control  the  dis- 
ease, and  by  the  absence  of  parasites  from  the  blood  and  viscera.  On 
the  other  hand,  the  gross  appearance  of  the  spleen  was  identical  -with 
that  of  acute  malarial  infection,  the  liver  and  marrow  exhiluted  a 
distinct  brownish  tinge,  while  the  mieroscopic  ap))carance  of  the  pig- 
ment deposits  was  in  many  respects  iilrntical  with  that  of  malarial 
pigmentation. 

On  comparing  these  deposits  with  those  of  malaria  some  differences 
were  to  be  noted.  In  the  case  of  septica?mia  the  pigment  grains  were 
more  often  distinctly  crystalline,  and  large,  spheroidal,  homogeneous 
black  grains  were  more  abundant  than  in  acute  malarial  cases,  while 
the  fresh,  yellowish,  finely-granular  pigment  was  much  less  abundant. 
The  concentration  of  ])igment  deposit*  in  the  tissue  about  lilood-vessels 
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was  <i  SDiiR'V.iiat  iharacterijitic  It-aturt'.  Tlu'  wall  of  ilic  ulurus  cou- 
taiiied  jit-arly  as  iiuitli  pig]iieiit  as  the  spli-uii.  The  puhiioiiary  exudate 
eontained  an  abuiidaiiee  of  pigment,  hut  in  malaria  pulmonary  exudates 
have  always  been  found  nearly  free  from  pigmented  leucocytes.  In 
the  present  case  a  oonsiderahle  number  of  liver  cells  contained  large 
and  small  vacuoles  partly  filled  with  brownish  acicular  crystals.  In 
malaria  this  condition  of  the  liver  cells  is  rather  rarely,  though  occa- 
sionally, encountered.  In  both  cases  the  crystals  fail  to  give  Gmelin's 
test,  they  dissolve  in  ammonium  sulphide,  but  not  in  ether,  chloroform, 
or  carbon  bisulphide.  The  condition  of  the  blood  in  sections  of  ves.sels 
showed  that  extensive  destruction  of  blood  cells  was  in  progress 
throughout  the  viscera  in  the  present  case,  and  <ilfcrs  an  ample  source 
for  the  visceral  deposits. 

Nevertheless  it  would  be  impossible  from  a  study  of  the  ])igment 
deposits  alone  to  deny  the  c-oe.xistence  of  malarial  infection,  for  as  is 
shown  in  the  description  of  ntlier  cases  a  similar  destruction  of  blood 
may  and  in  some  degree  trc(|ucntly  does  a(((im))any  malarial  infection. 
In  Case  YII  the  pigment  deposit  resulting  from  solution  of  blood  cells 
completely  over.shadowed  that  derived  from  the  nuilarial  parasite. 

The  destruction  of  blood  cells  in  various  septic  conditions  nuty  be 
confidently  referred  to  the  increased  globulicidal  action  of  the  plasma 
which  has  long  been  known  to  characterize  these  conditions. 

From  the  examination  of  this  and  many  other  cases  I  have  become 
convinced  that  it  is  fn'(|uently  imjiosiiible  to  distinguish  between  the 
))igiiU'nt  deposits  of  malaria  and  those  resulting  from  increased  globuli- 
cidal activity  of  the  scrum  in  other  diseases.  It  follows  that  it  is  rarely, 
if  ever,  possible  to  estaljlisli  the  diagnosis  of  malaria  from  the  presence 
of  ])igment  deposits  in  the  viscera.  For  in  \arious  other  diseases  there 
mav  be  a  deposition  of  ])ignu>nt  which  is  ]iractically  indistinguishable 
friun  that  of  nmlaria  in  color,  form,  intracellular  ])osition,  general  dis- 
tribution, and  chemical  nvutions.  Moreover  the  slate  color  of  the 
spleen  in  this  case  and  the  dark  brownish  tinge  of  the  liver  indicate 
that  these  are  by  no  uu'ans  pathogiu)monic  gross  signs  of  malarial  infec- 
tion. A  further  important  inquiry  concerns  the  extent  to  which  the 
solution  of  blood  cells  in  sejitic  conditions  is  refer;ible  to  post-mortem 
actiiin  iif  flic  irliibuHcidal  scrum. 
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PART  II. 

1.     TKCUXICS. 

Fixiitioii: — The  majority  oL'  investigators  liaxe  preferred  aleoliol  as 
a  fixative  agent  in  the  study  of  tissues  in  niahiria,  placing  small  pieces 
in  weak  solutions  for  pi'eliminary  fixation,  or  using  strong  or  absohite 
alcohol  from  the  first.  There  seems  to  be  nearly  complete  agreement 
that  this  is  the  best  method  to  employ  in  this  particular  field.  In  addi- 
tion to  alcohol,  a  great  variety  of  metallic  solutions  have  been  used 
with  varying  success,  Irat  none  of  them  has  been  urgently  recommended 
over  aleoliol. 

In  the  present  cases  the  fixatives  used  were  alcohol,  80'j;.,  Lang's  lluid. 
1^,  aqueous  bichloride,  and  formalin  5-10^.  The  bichloride  solutions 
may  at  once  be  discarded  for  the  present  purpose,  on  account  of  their 
tendency  to  leave  metallic  precipitates.  In  other  respects  they  yielded 
good  but  not  superior  results.  The  tissues  fixed  in  alcohol  80;^  gave 
satisfactory  preservation  of  red  cells  and  parasites,  liut  less  success- 
ful results  as  regards  the  tissues,  which  sulfered  the  usual  shrinkage. 
Hardening  in  formalin,  ."i-lO'/,  proved  most  satisfactory.  Shrinkage 
did  not  disturb  the  sectimis,  the  preservation  of  red  cells  and  parasites 
was  even  better  than  that  by  alcohol,  while  the  proved  excellence  of 
formalin  as  a  fixative  for  general  cytological  study  was  very  constantly 
ap)iarent.  Foniuilin  seems  to  have  a  distinct  advantage  over  some 
otiier  fixatives  in  jirecipitating  and  rendering  insoluble  the  pigments 
derived   from  dissolving  red  blood  cells. 

Stdliiiinj: — ^lalarial  parasites  and  their  derivatives  are  well  demon- 
strated ill  thin  sections  by  staining  '>  niin.  in  1'/  aqueous  methylene 
blue,  gently  wanned,  followed  liy  moderate  deeolorization  in  strong 
alcohol,  and  clearing  in  oil  of  enjeput.  This  staining  lluid  may  |ier- 
haps  be  slightly  improved  by  adding  a  trace  of  alkali  (.(n;f  caustic  pot- 
ash), as  used  by  Guarnieri.  This  method  is  practically  that  of  Nissl 
and  gives  excellent  demonstrations  of  changes  in  visceral  as  well  as  in 
ganglion  cells. 

Intracellular  jjai'asites  ai'e  sonu'wliat  more  deeiily  stained  if  the  sec- 
tions ari'  ]ireviously  tieated  for  oni'  hour  with  a  moderately  strong 
solution  of  Inematoxylin,  which  also  intensilies  the  niu-lei  of  tissiu' 
cells.  The  use  of  ha'matoxylin  clearly  demonstrates  the  nuclei  of  tlie 
young  and  the  segmenting  ])arasites  which  are  faintlv  or  imt  at  all 
stained  in  sections  by  nietliylen<'  lihie.  Aimi'lm  iliisrii/"rin-  in  sections 
stained   by   ha^niatoxvlin    and    niethvlene   blue    is   vcrv   cleurlv    demim- 
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stiatt'il,  and  may  readily  be  identified  by  low  magnification  (Leitz  Xo.  3). 
The  nucleus  of  this  protozoon  fails  to  stain  by  methylene  blue,  but  is 
sharply  developed  by  hsematoxylin.  On  several  grounds,  therefore, 
the  combination  of  ha'matoxylin  and  methylene  blue  may  be  strongly 
recommended  for  the  present  purposes. 

Attempts  were  made  to  stain  the  nucleus  of  the  malarial  parasite 
in  tissues  by  the  methods  of  Romanowsky,  Ziemann,  and  Xocht.  The" 
results  were  not  successful  in  demonstrating  tlie  chromatin,  but  Xoeht's 
method  brought  out  the  body  of  the  parasite  very  much  better  than  any 
other  method  employed. 

Very  striking  demonstrations  of  Aniu-ha  thjsfiilrria'  were  ol)tained 
by  the  application  of  this  method  to  thin  sections  of  the  colon. 
These  sections  were  stained  for  24  hours  and  slightly  decolorized  10-15 
mill,  in  95;^  alcohol.  The  nucleus  of  the  anireba  then  appears  deep  red, 
tlie  body  blue,  the  vacuoles  are  distinct  and  their  contents  variously 
stained. 

In  the  study  of  pigment  deposits  in  the  viscera  ha'mosiderin  was 
demonstrated  by  the  common  method,  that  of  Perls.  Sections  were 
placed  for  one  hour  in  1^  watery  solution  of  potassium  ferrocyanide 
and  mounted  in  glycerine  containing  1^  hydrochloric  acid.  A  useful 
])r()cedure  may  sometimes  be  found  in  dissolving  the  malarial  pigment 
by  ammonium  sulphide.  Avhii-h  at  the  same  time  blackens  the  granular 
or  diffuse  hsemosiderin. 

Formalin-fixation  is  a  reliable  means  of  identifying  bilirubin,  which 
is  converted  to  the  green  biliverdin.  but  under  the  microscope  the 
green  tinge  is  not  marked  and  the  biliary  derivatives  may  be  mistaken 
for  the  yellow  haMuosiderin  granules. 

T  would  strongly  recommend  the  employment  of  smear  preparations 
of  the  viscera,  treated  as  blood  specimens."  for  the  study  of  minute 
cellular  changes,  jihagocytosis,  and  the  demonstration  of  parasites. 
In  the  actively  jihagocytic  vi.<cora —liver,  spleen,  and  marrow — it  is 
often  hazardous  to  attempt  the  identification  of  parasites  in  sections, 
wlu-reas  the  examination  of  a  smear  made  from  these  tissues  furnishes 
(•(■nvincing  evidence  of  the  nuTuljer  and  type  of  parasites  present. 

II.     TllK   VISCKRAL  Li:S10.\S. 

LIVER. 

The  (/ross  lesions  of  the  liver  were  usually  but  not  always  indicative 
of  malarial  infection.     The  organ  was  generally  slightly  swollen,  but 

'■•  For  tl)e  metliods  of  staiuing  smear  specimens,  see  Ewing,  Malarial  parasitolog.v, 
Jointial  of  Eiperimcnhd  Metliciiie,  1901,  v,  p.  429. 
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this  fact  was  not  distinctly  apparent  at  the  autopsies,  and  in  one  case 
(III),  with  marked  atrophy  of  liver  cords  and  development  of  cavern- 
ons  tissue,  the  liver  was  reduced  in  size.  The  consistence  c'"  the  organ 
was  usually  slightly  reduced.  Fatty  changes  were  seldom  apparent  to 
the  naked  eye.  The  pigment  deposits  were  in  the  present  cases  always 
sufficient  to  give  to  the  section  of  the  organ  a  slightly  brownish  tint, 
but  this  change  was  sometimes  far  from  characteristic  and  failed  to  be 
Boied.  In  other  cases  the  liver  was  slaty  or  black.  The  outlines  of 
lobules  were  generally  indistinct.  Distension  of  the  gall-bladder  was 
commonly  seen.  That  fatal  malaria  may  leave  inappreciable  changes 
in  the  gross  appearance  of  the  liver  is  evident  from  Case  YI,  and  es- 
pecially from  the  cases  of  Marehiafava  and  Bignami  in  which  very  few 
or  no  parasites  were  found  in  the  blood  at  death,  and  in  which  no  micro- 
scopic evidences  of  a  previous  severe  infection  were  found.  It  appears 
also  that  the  pigmentation  of  the  liver  may  be  very  slight  when  the 
parasites  are  massed  in  the  intestinal  mucosa. 

The  microscopic  examination  of  the  liver  in  the  foregoing  cases 
showed  that  the  lesions  varied  but  little  from  those  described  in  acute 
malarial  infection  by  Guarnieri  in  1887,  and  Bignami  in  1890. 

Parasites,  in  the  majority  of  cases,  were  comparatively  scarce.  They 
were  usually  englobed  by  phagocytic  macrophages  and  endothelial 
cells,  together  with  red  cells,  leucocytes,  and  pigment,  and  in  these 
situations  they  almost  invariably  presented  evidences  of  degeneration 
and  solution.  They  were  not  positively  identified  in  the  liver  cells. 
In  Case  II,  dying  just  after  sporulation  of  one  of  two  or  more  very 
numerous  broods  of  parasites,  very  large  numbers  of  parasites  were 
found  in  the  liver,  mostly  within  phagocytes  and  degenerating.  In 
the  other  cases  the  hepatic  phagocytes  contained  only  scanty  traces  of 
the  bodies  of  parasites,  but  many  vacuoles  and  fresh  pigment  clumps. 
It  is  difficult  to  explain  this  difference  except  on  the  ground  that  the 
englobement  of  parasites  in  the  liver  is  more  active  at  certain  periods 
of  the  cycle,  or  occurs  intermittently,  and  that  the  destruction  of  en- 
globed  parasites  may  be  completed  very  rapidly,  i.  e.  within  a  few 
hours.  Otherwise  the  livers  of  all  acute  cases  with  rich  infection,  ought 
to  show  abundant  traces  of  the  bodies  of  englobed  parasites,  which 
they  did  not  show,  with  one  exception,  in  this  series  of  cases.  It  is 
to  be  noted  that  the  exception  was  the  only  case  of  the  series  in  which 
numerous  rosettes  were  found  in  the  tissues.  There  are  several  obser- 
vations pointing  to  an  increased  phagocytic  activity  in  the  blood  at  the 
height  of  the  paroxysm.  Possibly  the  same  rule  holds  in  the  liver. 
11 
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However  that  may  be,  it  is  certain  that  the  livers  of  acute  cases  willi 
rich  infection,  exhibiting  about  an  equal  quantity  of  recent  pigment, 
contain  a  very  variable  number  of  parasites  in  the  early  stages  of  de- 
struction by  phagocytes. 

Among  the  active  phagocyies  could  be  identified  the  large  nioni)- 
nuclcar  cells  of  the  capillaries,  endothelial  cells,  and  leucocytes  (Plate 
X,  Figs.  1-6).  There  were  often  evidences  of  a  fusion  of  large 
mononuclear  cells,  endothelial  cells  and  leucocytes  into  large  proto- 
plasmic masses  inclosing  several  infected  red  cells.  Occlusion  of  ca- 
pillaries by  these  masses  or  by  many  discrete  cells  was  often  observed, 
in  the  neighborhood  of  which  the  capillaries  were  sometimes  found 
dilated. 

Various  lesions  of  the  liver  cells  were  observed.  The  normal  liver 
cell  stained  by  methylene  blue,  in  sections  and  especially  in  smears, 
exhibits  a  coarse  but  regular  and  distinct  chromatic  reticulum.  This 
reticulum  was  often  found  to  be  indistinct,  its  meshes  uneven,  and 
sometimes  obliterated  or  displaced  by  various  granules,  indicating  the 
changes  of  acute  degeneration.  Necrotic  cells  were  rarely  discovered 
in  the  present  cases.  I  found  many  cells  in  advanced  stages  of  degen- 
eration, but  few  in  which  the  nucleus  was  not  demonstrable  by  haema- 
toxylin  or  methylene  blue,  although  the  staining  reaction  was  often 
faint. 

Fatty  infiltration  of  the  liver  cells  was  remarkably  slight.  In  one 
case  there  were  large  areas  in  which  the  capillaries  of  irregular  por- 
tions of  lobules  or  of  entire  lobules  were  greatly  dilated  at  the  ex- 
pense of  the  liver  cords,  which  were  markedly  atrophic  or  had  disap- 
peared. The  resulting  appearance  was  that  of  cavernous  tissue,  as 
described,  in  a  few  cases  by  Guarnieri,  Bignami,  ZSTepveu,"  Lodigiani," 
and  Monti."  These  dilated  capillaries  do  not  radiate  from  a  central  vein, 
as  in  the  nutmeg  liver  of  ordinary  chronic  congestion.  Guamieri  re- 
fers this  lesion  to  the  disordered  nutrition  of  liver  and  endothelial  cells 
resulting  from  the  obstructed  circulation,  partly  also  to  direct  pressure, 
conditions  which  existed  prominently  in  my  case.  Bignami  connects 
it  especially  with  a  previous  necrosis  of  the  liver  cells.  In  the  present 
cases  these  cells  were  not  necrotic 

The  liver  cells  usually  contained  many  large  and  small  greenish 
graniiles  of  bile  pigment.  They  were  most  abudant  in  Case  YTL,  which 
exhibited  externally  the  most  intense  jaundice,  but  were  abundant  in 

"  Miirseille  mftlical,  1894,  xxxi,  p.  649. 

'<■!' Cited  by  Barbacci  in  Centralbl.  f.  alUj.  Palfi.  u  pnt/i.  Anal.,  1899,  x,  p.  64. 
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Case  II,  in  which  the  jaundice  was  slight.  That  the  intercellular  bile 
capillaries  were  extensively  occluded  by  pressure  of  swollen  endothelial 
cells  and  macrophages  in  distended  capillaries  was  evident,  and  to  this 
condition  the  biliary  pigmentation  of  the  liver  cells  may  be  referred. 

In  all  cases  the  liver  cells  presented  a  variable  number  of  fine,  light 
yellow  granules  which  gave  the  reactions  of  licemosidcrin.  while  a  diffuse 
reaction  for  hemosiderin  was  obtained  in  some  endothelial  cells  and  in 
the  connective  tissue  of  the  portal  canals. 

I  was  iinable  to  find  evidences  of  the  hyaline  transformation  of  the 
nuclei  of  liver  cells  described  by  Guarnieri,  except  in  a  few  isolated 
instances.  A  variety  of  nuclear  changes  were  observed  in  the  liver 
cells  which  did  not  differ  from  those  seen  in  other  infectious  diseases. 
Many  nuclei  were  found  in  the  process  of  direct  division,  while  mitotic 
figures  were  rare.  In  some  cases  the  evidences  of  regeneration  on  the 
part  of  the  liver  cells  seemed  to  Justif}'  the  use  of  the  term  "  diffuse 
vicarious  hypertrophy,""  employed  by  Guarnieri. 

The  portal  canals  were  sometimes  markedly  infiltrated  with  round 
cells.  Mast-cells  were  rather  numerous  in  some  areas,  and  sometimes 
these  cells  were  pigmented. 

While  the  present  cases  do  not  bear  directly  upon  the  question  of 
cirrhotic  processes  in  the  liver  following  malaria,  it  was  strikingly 
apparent  that  the  infection  had  exhausted  itself  in  producing  vascular 
and  cellular  alterations,  while  there  was  an  entire  absence  of  the 
changes  of  beginning  fibrosis. 


The  spleen  was  increased  in  size  in  all  cases,  the  change  lieing  gen- 
erally proportionate  with  the  length  and,  to  a  less  extent,  with  the 
severity  of  the  infection.  It  was  noted  at  Montauk  that  the  spleens  of 
the  malarial  cases  were  as  a  rule  much  smaller  than  those  of  the 
typhoid  cases.  The  organ  was  usually  much  softened  and  sometimes 
diiHuent.  The  capsule  was  tense.  In  one  case  (VII)  the  spleen  was 
rather  firm  and  dark  red.  In  the  color  there  was  usually  distinct 
evidence  of  malarial  infection,  but  this  was  sometimes  slight,  and  the 
spleens  of  eases  of  typhoid  fever  in  malarious  subjects  often  gave  no 
gross  evidence  of  considerable  pigment  deposits  demonstrable  micro- 
scopically. In  all  the  frank  acute  malarial  cases  the  spleen  was  moder- 
ately enlarged,  soft,  and  of  dark  brown,  chocolate,  or  slate  color. 

The  most  prominent  microscopic  features  were  the  pigment  deposits 
and  the  cellular  hyperplasia  and  distension  of  the  pulp  cords. 
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It  was  always  difticult  to  identifj'  positively  parasites  in  the  sections 
whereas  they  were  always  found  in  larger  numbers  in  smears  of  the  pulp 
tissue.  They  appeared  to  be  more  abundant  than  in  the  liver,  and  the 
same  description  of  their  inclosure  and  destruction  in  phagocytes 
applies  to  both  liver  and  spleen.  The  macrophages  were  much  more 
numerous  and  of  larger  size  in  the  spleen  than  in  the  liver. 

In  all  cases  the  sinuses  and  cords  contained  an  excessive  number  of 
cells.  The  evidence  of  proliferation  of  splenic  cells  was  most  apparent 
in  the  frequent  presence  of  islands  of  8  to  10  cells  of  small  size,  compact 
grouping,  deeply  staining  nuclei,  and  free  from  pigment.  The  Mal- 
pighian  bodies  participate  largely  in  this  process,  as  their  dimensions 
were  sometimes  increased,  and  their  outlines  often  irregular,  and 
fringed  at  times  with  these  islands  of  young  cells. 

Marked  obstruction  to  the  circulation  in  the  spleen  must  have 
e.xisted  from  the  distension  of  sinuses  by  macrophages,  swollen  endo- 
thelial cells,  leucocytes,  and  infected  red  cells.  A  pronounced  condi- 
tion of  a?dema  was  therefore  nearly  always  present,  and  a  few  inter- 
stitial hcemorrhages,  with  necrosis  of  cells  were  found. 

The  deposit  of  pigment  was  usually  more  abundant  in  the  spleen 
tlian  in  any  other  situation,  and  in  acute  cases  was  uniformly  distributed 
in  the  macrophages,  endothelial  cells,  and  leucocytes  of  the  pulp,  while 
the  Malpighian  bodies  were  almost  invariably  free  (Plate  XIV,  Fig.  16). 

In  the  acute  cases,  the  distribution  of  pigment  was  very  uniform 
throughout  the  pulp.  In  a  case  of  fatal  typhoid  fever  wTiich  had  been 
free  from  malarial  paroxysms  for  three  weeks,  the  pigment  had  been 
gathered  in  a  network,  with  rather  coarse  meshes,  throughout  the  pulp 
(Plate  XIV,  Fig.  17);  while  in  another  case  of  chronic  malaria  three 
months  after  the  last  acute  seizure,  the  pulp  was  nearly  free  from 
pigment,  which  was  gathered  in  large  black  intra-  or  extra-cellular 
blocks  in  the  septa  and  walls  of  arterioles,  and  about  the  follicles 
(Plate  XV,  Fig.  IS). 

MAEliOW. 

A  chocolate  tinge  of  the  marrow  expressed  from  ribs  and  vertebne 
was  a  characteristic  change  observed  in  the  acute  cases,  and,  in  gen- 
eral, this  change  in  the  marrow  kept  pace  with  the  similar  alteration 
of  the  spleen.  In  Cases  I  and  II  there  was  chocolate-colored  marrow 
in  the  middle  third  of  the  humerus  and  clavicle,  indicating  an  exten- 
sive increase  in  the  natural  limits  of  red  marrow.  Bignami  demon- 
strated such  a  hyperplasia  throughout  the  femur. 

Of  the  changes  in  the  marrow  referable  to  the  growth  of  parasites, 
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cellular  hyperplasia,  obstruction  to  the  circulation,  and  deposit  of  pig- 
ment, it  maj-  be  said  that  they  are  very  similar  to  and  of  equal  extent 
with  those  of  the  spleen.  In  Case  IV  there  was  an  excessive  accumu- 
lation of  parasites  in  the  marrow,  the  majority  of  red  cells  being  in- 
fected with  one  or  more  rings,  and  multiple  infection  being  very  fre- 
qiient.     No  infected  nucleated  red  cells  could  be  found. 

Usually  the  number  of  parasites  demonstrable  in  smears  was  mod- 
erate, though  larger,  as  a  rule,  than  in  the  liver  or  spleen.  Crescents 
were  not  abundant  in  the  tissues  of  any  of  the  fatal  cases,  and  when 
present  they  were  not  seen  in  unusual  numbers  in  the  marrow,  as 
found  by  Councilman,"  Marchiafava,  Bastianelli  and  Bignami  ("94),  nor 
in  the  spleen,  as  stated  by  Bignami.  In  Case  I,  in  which  enormous 
numbers  of  crescents  were  found  in  the  blood  for  two  weeks,  largely 
disappearing  before  death,  there  were  very  few  crescents  to  be  found 
in  the  marrow  smears,  and  the  pigment  deposits  in  the  marrow  were 
comparatively  scanty.  This  condition  is  not  entirely  in  accord  with 
the  observations  of  the  authors  mentioned.  In  one  case  (VII)  there 
were  numerous  small  capillary  hsemorrhages  in  the  marrow. 

Relation  of  lesions  in  marrow  to  malarial  anwmia. — The  chief  interest 
in  the  lesions  of  the  marrow  in  malaria  lies  in  their  relation  to  malarial 
ansemia,  and  in  this  field  the  studies  of  Bignami  and  Dionisi "  are 
most  complete.  The  changes  in  the  blood  and  marrow  in  the  writer's 
cases  accord  in  a  considerable  degree  with  the  classification  given  by 
these  observers. 

The  most  striking  of  the  series  in  this  regard  is  Case  IV,  in  which 
there  were  the  lesions  of  pernicious  anaemia  in  the  blood  and  marrow, 
and  an  excessive  accumulation  of  parasites  in  the  marrow.  Besides 
the  changes  referable  to  the  presence  of  many  parasites  and  much  pig- 
ment, the  marrow  showed  well-marked  cellular  hyperplasia,  leading  to 
atrophy  and  disappearance  of  fat  cells,  which  are  normally  present  in 
the  marrow  of  the  vertebral  bodies.  In  sections,  this  hyperplasia 
seemed  to  affect  principally  the  large  and  small  mononuclear  cells, 
while  in  smears  the  new  cells  could  be  divided  among  the  neutrophile 
myelocytes  and  the  lymphocytes.  These  cells,  together  with  macrophages 
and  swollen  endothelial  cells,  appeared  to  cause  more  than  the  usual 
obstruction  to  the  circulation  of  the  marrow,  yet  no  necroses  were 
discovered.  The  islands  of  nucleated  red  cells  commonly  seen  in  nor- 
mal marrow  were,  in  this  case,  entirely  lacking  in  sections  and  smears. 

16  .Inier.  Jouni.  .Vcd.  Sciences,  1885,  Ixxxix,  p.  416. 

"  Atti  d.  XI.  Congr.  metl.  internaz.,  Roma,  1SSI4,  ii,  p.  23.5. 
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In  Ihuii-  place  theru  was  a  considerable  number  of  megaloblasts  with 
increased  Hb.  A  peculiar  abnormality,  first  noted  in  sections  and 
fully  verified  in  the  smears,  was  the  superabundance  of  giant  cells, 
which  occurred  in  groups  of  eight  or  ten.  Bignarai  and  Dionisi  found 
this  peculiarity  in  their  fourth  type  of  anemia  as  occurring  in  malarial 
cachexia,  and  which  was  marked  also  by  a  condition  termed  by  them 
sclerosis  of  the  marrow.  No  changes  to  which  the  term  sclerosis  could 
be  applied  were  found  in  the  marrow  in  any  of  the  present  cases.  The 
examination  of  the  blood,  showing  the  presence  of  a  majority  of  megalo- 
cytes  with  increased  Hb.,  and  of  many  megaloblasts,  together  with  the 
condition  demonstrated  by  smears  and  sections  of  the  marrow,  indi- 
cates that  the  fetal  type  of  blood  formation  had  been  established  in 
this  case,  and  warrants  its  classification  as  pernicious  anaemia. 

That  such  changes  in  the  marrow  are  rather  frequently  initiated  by 
malarial  infection  there  can  be  no  doubt,  as  shown  by  the  pathological 
studies  of  Bignami  and  others.  In  my  series  of  blood-examinations 
in  malaria  at  Montauk  and  elsewhere  there  are  no  less  than  19  cases 
in  which  prcnoimced  features  of  primary  pernicious  anaemia  were  ob- 
served. 

Some  regard  such  evidence  as  demonstrating  the  lack  of  specific 
quality  in  the  changes  commonly  regarded  as  pathognomonic  of  pri- 
mary pernicious  ansmia.  Bignami,  however,  believes  that  these  cases 
are  still  to  be  regarded  as  true  examples  of  primary  pernicious  anaemia, 
claiming  that  the  reversion  of  the  marrow  to  the  embryonal  type  of 
blood-formation,  as  seen  in  some  cases  of  malarial  anaemia,  is  not  re- 
ferable exclusively  to  the  infection,  but  partly  results  from  other  asso- 
ciated causes  not  definitely  understood.  With  this  view  I  am  in  ac- 
cord. The  majority  of  cases  of  pernicious  malaria  develop  the  changes 
of  secondary  chlorotic  or  pernicious  anasmia,  but  some  show  those  of 
the  primary  pernicious  anajmia.  The  essential  difference  is  not  in  thi' 
cause  but  in  the  character  of  the  anatomical  changes  in  the  bone  mar- 
row. In  each  instance  the  changes  are  initiated  by  malarial  infection. 
In  one  case  they  are  maintained  almost  exclusively  by  that  infection, 
with  which  they  are  more  or  less  proportionate,  but  in  the  other  they 
are  maintained  by  the  peculiar  changes  in  the  marrow  which  when 
once  initiated  may  progress  independently.  This  view  of  the  pathology 
of  malarial  anaemia,  instead  of  weakening  the  evidence  in  favor  of  the 
specific  nature  of  the  changes  in  primary  pernicious  anaemia,  furnishes, 
on  the  contrary,  very  strong  ]iroof  of  the  specific  quality  of  this  con- 
dition of  the  blood. 
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The  lesions  found  in  the  present  cases,  and  in  some  others  not  re- 
ported in  this  series,  indicate  that  the  changes  in  the  marrow  in  fatal 
cases  of  acute  malaria  follow  one  of  two  types: 

(1)  The  cellular  hyperplasia  is  pronoimced,  the  nucleated  rod  cells 
arc  abundant  and  tend  to  increase  in  size,  the  eosinophile  cells,  giant 
cells,  and  lymphocytes  are  over-abuudant,  while  the  fat  cells  are  com- 
pressed and  atrophic.  With  these  changes,  the  blood  shows  moderate 
or  severe  anaamia  of  the  chlorotic  type,  with  a  marked  tendency  to  de- 
velop the  signs  of  pernicious  ansemia,  which  not  infrequently  become 
distinct.  Pigment  deposits  and  parasites  are  often  unusually  abund- 
ant as  in.  Cases  II  and  VI. 

(3)  The  cellular  hyperplasia  is  moderate,  fat  cells  being  abundant  in 
the  vertebras  and  persisting  in  the  ribs.  Nucleated  red  blood  cells, 
eosinophile  cells,  and  giant-cells  are  deficient.  The  blood  shows  severe 
anajmia  of  chlorotic  type.  There  may  be  considerable  differences  in 
the  size  of  the  red  cells,  but  the  Hb.  is  very  deficient.  The  leucocytes 
are  usually  diminished,  and  eosinophile  cells  are  scarce.  Pigment  de- 
posits and  parasites  are  usually  not  very  abmidant  (Cases  III  and  VI). 

In  attempting  to  draw  these  general  distinctions  it  must  be  admitted 
that  the  present  obseivations  are  too  limited  to  fully  establish  general 
rules. 

The  natural  limits  of  red  marrow  in  the  normal  subject  are  rather 
variable,  and  the  quantity  of  fat  in  the  ribs  and  vertebrse  decidedly  so. 
Moreover,  in  a  series  of  routine  cases  coming  to  autopsy  from  various 
causes  I  have  found  great  dissimilarity  in  the  appearance  of  the 
marrow  cords,  and  of  smears  therefrom,  which  it  is  difficult  to  con- 
nect with  the  various  states  of  nutrition  and  disease  in  the  subjects. 
There  will  be  no  harm  in  describing  the  above  types  of  changes  in  the 
marrow  of  pernicious  malaria,  if  it  is  understood  that  it  presents  a 
tentative  classification  which  is  to  be  readjusted  on  the  evidence  of 
future  investigations. 

LEUCOCYTOSIS  OF  MALARIA. 

Most  observers  have  found  very  little  change  in  the  number  of  leucocytes 
in  the  fing'er  blood  diiring  acute  malarial  attacks  of  average  severity.  This 
absence  of  leucocytosis  with  a  rapidly  rising  temperature  may  be  found  of 
considerable  corroborative  value  in  the  diagnosis  of  malarial  fever. 

A  slight  leucocytosis  at  the  beginning  of  the  paroxysm  has  been  noted 
by  Kelsch,  Billings,"  Vincent,'"  and  others,  but  the  numbers  usually  remain 

1*  Bulletin  of  the  Johns  Hopkins  Hospital,  1.894,  v,  p.  89. 
'^^  Annates  de  V Imtitut  Pastern;  1897,  xi,  p.  .891. 
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below  10,000,  while  the  percentage  of  polynuclear  cells  is  iiicreaseil.  Vincent 
finds  that  quinine  tends  to  increase  the  polynuclear  leucocytes  during  the 
entire  paroxysm.  With  the  falling  temperature  and  during  apyrexia  the 
leucocytes  are  usually  distinctly  diminished  (2000-4000),  especially  the  poly- 
nuclear forms,  giving  a  relative  lymphocytosis. 

Except  during  the  3  to  4  hours  immediately  following  the  chill,  there- 
fore, malarial  blood  usually  shows  a  diminished  number  of  leucocytes,  and 
a  distinct  relative  Ijmphocytosis.  The  lymphocytes,  small  and  large,  may 
sometimes  become  quite  numerous,  especially  in  well-established  cases.  This 
fact  accords  with  the  increased  cellular  activity  of  the  lymphoid  tissues 
shown  by  microscopic  examination  of  the  viscera. 

Bastianelli  refers  the  loss  of  polynuclear  leucocytes  to  the  increased 
phagocytic  activity  of  these  cells.  Vincent  noted  a  periodical  decrease  in 
the  number  of  large  mononuclear  cells,  which  he  refered  to  the  same  process. 

In  the  severer  aestivo-autumnal  paroxysms  many  observers  have  noted  a 
distinct  leucocytosis.  Kelsch  found  that  the  leucocytosis  of  pernicious 
malarial  attacks  often  consists  in  marked  Ij'mphocj'tosis.  Bastianelli  and 
Bignami  find  that  in  addition  to  various  inflammatory  complications,  leuco- 
cytosis in  pernicious  malaria  may  result  from  rapidly  progressive  anaemia. 
They-  find  it  to  be  of  frequent  occurrence  in  haemoglobinuric  fever,  and  in 
cases  attended  with  severe  diarrhcea. 

The  presence  of  eosinophile  cells  may  be  noted  in  most  cases  of  malarial 
fever,  and  these  cells  are  usually  increased  in  number  during  afebrile 
periods.  Grawitz  rightly  regards  this  feature  as  of  diagnostic  importance, 
as  in  most  diseases  likely  to  be  confused  with  malaria  eosinophile  cells  are 
long  absent  or  scarce.  Bastianelli  and  Bignami  found  that  eosinophile  cells 
diminish  during  the  paroxysm,  and  increase  during  apyrexia,  while  the 
blood  is  regenerating.  In  two  ca!?^s  of  pernicious  malaria,  with  man3' 
parasites,  they  found  many  mononuclear  leucocytes  and  a  very  few  eosino- 
phile myelocytes,  similar  to  those  seen  in  myelogenous  leukemia. 

In  the  present  cases  the  itsnnl  behavior  of  the  leucocytes  was  noted 
in  the  majority  of  instances. 

In  some  severe  and  prolonged  cases  the  lymphocytosis  was  a  marked 
feature,  these  cells  being  distinctly  increased  in  number.  Eosinophile 
cells  were  never  found  greatly  increased,  but  their  nearly  constant  ap- 
pearance in  patients  who  were  suffering  from  continuous  or  intermit- 
tent fever  furnished  a  somewhat  peculiar  feature  of  the  blood  of  ma- 
larial infection. 

In  some  pernicious  ca.«es  jnoderate  polynuclear  leucocytosis  was  ob- 
served;  and  in  a  few  cases  complicated  by  pneumonia,  colitis,  or  severe 
cachexia,  a  considerable  leucocytosis  was  found.  In  two  of  the  fatal 
cases  reported  in  this  studv,  and  in  others,  ante-mortem  leucocytosis 
was  observed,  but  the  majority  of  fatal  cases  failed  to  show  distinct 
leucocytosis.  These  estimates  were  all  based  on  the  examination  of 
dry  specimens. 
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rigmenied  leucocytes  were  seen  in  the  majority  of  eases,  most  abund- 
antly in  the  severe  and  long-established  fevers.  They  were  found  in 
nearly  all  fatal  cases,  but  were  most  abundant  in  a  case  which  recov- 
ered (Xo.  238).  It  appeared  that  pigmented  leucocytes  were  more 
closely  related  to  the  severity  of  the  antecedent  paroxysms  than  to  the 
extent  of  the  pigment  deposits  in  the  viscera. 

They  were  most  abundant  during  and  shortly  after  the  febrile  period, 
but  were  repeatedly  found  in  afebrile  eases  and  after  parasites  had 
disappeared  from  the  blood.  The  phagocytic  cells  seen  in  the  blood 
included  mononuclear  and  polynuclear  leucocytes  and  endothelial  cells. 
The  large  and  small  mononuclear  cells  were  most  often  found  to  con- 
tain pigment  or  parasites  (Plate  X,  Fig.  6).  but  in  a  few  cases,  for 
reasons  not  clear,  large  numbers  of  polynuclear  leucocytes  were  found 
harboring  rosettes,  other  forms  of  parasites,  and  pigment  (Plate  X, 
Fig.  5).  In  a  few  cases  very  large  endothelial  macrophages  were  found 
in  the  blood  containing  parasites  in  all  stages  of  degeneration  (Plate 
X,  Fig.  4). 

The  objects  englobed  by  phagocytes  as  seen  in  the  circulation  in 
eluded:  (1)  Parasites,  free  or  inclosed  in  red  cells;  (2)  Pigment  elabo- 
rated by  parasites,  usually  in  small  clumps,  sometimes  in  large 
masses;  (3)  Haematoidiu  derived  from  the  destruction  of  red  cells; 
(4)  Haemosiderin  derived  from  the  detritus  of  red  cells;  (5)  Intact  or 
broken  red  cells;  (6)  Other  leucocytes.  Crystalline  pigment  was  often 
seen  in  leucocytes  in  sections  of  tissues  but  never  in  the  circulating 
blood  during  life.  The  degenerative  changes  in  phagocytic  leucocytes 
mentioned  by  Bastianelli  and  Bignami,  including  vacuolation  and  di- 
minished staining  capacity  of  nuclei,  were  noted  in  many  severe  cases. 
The  number  of  vacuolated  leucocytes  (Plate  XI,  Fig.  8)  found  in 
the  blood  was  always  considerable  and  sometimes  very  large. 

LYMPH    NODES. 

The  abdominal  lymph  nodes  were  examined  in  all  cases,  and  usually 
found  moderately  swollen,  but  always  without  signs  of  pigmentation. 
Microscopic  examination  was  made  in  two  cases  only;  in  these  the 
nodes  were  hj-perplastic,  the  h-mph  sinuses  were  invisible,  the  stroma 
contained  many  mast-cells,  and  there  was  a  scanty  deposit  of  pigment, 
mostlv  in  the  endothelial  cells. 


In  gross  appearance  the  lungs  in  pernicious  malaria,  both  in  these 
and  in  other  reported  cases,  presented  little  that  is  characteristic  of 
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the  disease.  They  coininonly  contain  a  considerable  deposit  of  pig- 
ment and  are  often  very  dark  colored,  but  this  feature  is  usually  not 
distinctly  characteristic,  owing  to  the  simultaneous  presence  of  anthra- 
cotic  pigment,  hypostatic  congestion,  and  frequently  of  jaundice. 

Somewhat  peculiar  areas  of  lobular  pneumonia  were  found  in  two 
cases,  and  have  been  described  by  Bignami,  but  the  exudate  was  com- 
posed of  the  ordinary  elements,  and  the  inflammation  was  not  specially 
connected  with  the  growth  of  parasites. 

Microscopically,  the  lungs  are  usually  found  to  contain  a  very  large 
number  of  pigmented  cells,  sifted  from  tlie  general  circulation,  and 
in  some  cases  a  moderate  additional  deposit  elaborated  by  the  parasites 
in  the  pulmonary  capillaries.  Some  large  pulmonary  macrophages, 
probably  derived  from  other  viscera,  w^ere  found,  filling  a  considerable 
length  of  the  capillary.  Thrombi  composed  of  such  cells,  with  pig- 
mented leucocytes,  swollen  endothelium,  and  infected  red  cells  were 
not  infrequently  found  in  the  pulmonary  capillaries  of  Case  II.  The 
lungs  were  cedematous  but  free  from  hepatization. 

There  appear  to  be  no  recorded  instances  of  an  excessive  growth  of 
parasites  in  the  lungs  comparable  with  that  found  in  other  viscera. 
Bignami  speaks  of  a  rusty  color  of  the  sputum  in  some  cases  of  bron- 
chitis in  pernicious  malaria,  which  he  regards  as  of  little  clinical  im- 
port, and  I  can  find  no  report  of  the  microscopic  examination  of  such 
sputum,  or  of  the  lungs  and  bronchi  in  such  cases,  to  show  that  an 
excessive  growth  of  parasites  in  the  lungs  may  give  this  character  to 
the  sputum. 

From  what  has  been  shown  of  the  action  of  the  lungs  in  sifting  bac- 
teria and  leucocytes  from  the  blood  in  infectious  diseases,  it  might  be 
expected  that  the  lungs  would  siiffer  severely  in  malarial  infection. 
Their  comparative  immunity  in  this  instance  may  perhaps  be  referred 
to  the  rapidity  of  the  capillary  circulation  and  the  abundance  of 
oxygen. 

CARDIAC    MUSCLE. 

French  writers  especially  (quoted  by  Laveran)  have  laid  emphasis  on 
the  pallor  and  flaceidity  of  the  myocardium  in  pernicious  malaria. 
That  condition  was  noted  in  nearly  all  the  present  cases  at  autopsy. 
In  Case  II  nearh'  all  tissues,  including  the  heart  muscle,  were  more  or 
less  discolored  by  malarial  pigment.  In  Case  VII,  the  heart  muscle 
was  generally  light  colored,  but  exhibited  a  slight  brownish  tinge  re- 
ferred at  the  time  to  the  jaundice. 

Microscopically,   there   were   no   pronounced   changes   found   in   the 
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muscle  cells,  but  the  perinuclear  mass  of  large  greenish  granules  was 
sometimes  very  abundant.  Mast-cells  were  sometimes  found  in  un- 
usual numbers  in  the  endomysium.  Distinct  fatty  changes  were  not 
observed.  With  one  exception,  little  pigment  and  few  pai'asites  were 
found  in  the  capillaries.  In  Case  II  there  was  a  notable  exception 
to  the  usual  rule  and  very  large  numbers  of  young  parasites  and  pig- 
mented cells  were  foimd  completely  filling  distended  capillaries  through- 
out the  heart  wall  (Plate  X,  Fig.  7).  Although  numerous  parasites 
were  found  in  other  viscera  and  the  brain  was  not  examined,  there  was 
an  excessive  proportion  in  the  heart  muscle,  while  cerebral  symptoms 
were  late  and  cardiac  failure  was  the  most  prominent  clinical  symptom. 

Of  similar  cases,  Benvenuti  ^  has  reported  one  in  which  the  heart's 
capillaries  were  filled  with  infected  red  cells,  the  endothelium  pig- 
mented and  degenerated,  the  muscle  fibres  swollen,  their  striation  in- 
distinct and  the  yellow  pigment  increased.  In  the  brain  it  appears 
that  there  were  as  many  parasites  as  in  the  heart,  and  many  were  also 
found  in  the  kidnej'.  Coma  and  cardiac  dyspnoea  were  the  principal 
symptoms.  In  another  case  Benvenuti  found  many  parasites  in  brain, 
kidney,  and  heart,  while  the  principal  symptom  was  stupor.  The 
clinical  histories  accompanying  these  reports  are  meagre  for  the  pres- 
ent purpose,  and  it  is  difficult  to  judge  of  the  relative  number  of  para- 
sites in  the  different  viscera.  I  have  been  unable  to  find  in  the  litera- 
ture any  other  reports  of  such  eases.  Theobald  Smith,  however,  finds 
that  in  Texas  cattle  fever  very  large  numbers  of  parasites  are  com- 
monly found  in  smears  made  from  the  heart  mviscle. 

The  available  evidence,  therefore,  hardly  seems  to  warrant  a  positive 
conclusion  that  acute  cardiac  failure  in  pernicious  malaria  may  result 
from  a  massing  of  parasites  in  the  cardiac  muscle,  and  it  would  be  safer 
to  conclude  from  the  present  case  merely  that  the  condition  of  the 
cardiac  and  skeletal  muscles  demands  more  attention  than  is  generally 
paid  to  these  tissues  in  pathological  studies  of  malaria. 

KIDNEY- 

Grossly,  the  kidneys  in  pernicious  malaria  usually  give  evidence  of 
acute  degeneration  in  their  slightly  increased  size,  diminished  consist- 
ence, rather  pale  cortex,  and  indistinct  but  regular  markings.  There 
are  usually  no  characteristic  signs  of  malarial  infection.  In  Case  I 
the  medulla  and  papillae  exhibited  a  somewhat  peculiar  darkening  of 
color,  from  the  unusual  deposits  of  pigment.     In  some  cases  of  black- 

■^Tolicliiiico,  lS9(i,  iii-M.,  p.  390. 
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water  fover  thu  presence  of  extra- vascular  blood  in  cortex  and  medulla 
considerably  alters  the  above  description,  as  in  Case  VII.  In  Case  V 
the  cortex  was  very  light  colored,  while  the  medulla  and  papillae  were 
deep  rust-colored  from  the  large  numbers  of  parasites  in  the  capillaries 
in  these  areas.  In  this  case  there  was  also  a  large  superficial  anaemic 
infarct. 

Microscopically,  the  usual  lesion.s,  well  illustrated  in  the  present 
cases,  consist  in  granular,  hydropic,  and  fatty  degeneration,  pigmenta- 
tion by  haemosiderin  granules,  and  sometimes  isolated  or  diffuse  ne- 
crosis of  convoluted-tubule  cells.  The  intertubular  capillaries  usually 
contain  moderate  numbers  of  pigmented  leucocytes,  macrophages,  and 
infected  red  cells,  while  the  glomeruli  gather  a  larger  number  of  simi- 
lar elements. 

The  kidney  rarely  suffers  from  the  accimiulation  of  growing  para- 
sites, as  does  the  brain,  the  mucous  membranes,  etc.,  a  fact  referred 
by  Bignami  to  the  rapid  circulation  in  the  organ.  In  blackwater  fever 
I  can  find  no  reports  of  excessive  numbers  of  parasites  in  the  kidney, 
and  in  other  cases,  as  a  rule,  the  numbers  of  parasites  have  not  ex- 
ceeded those  in  the  peripheral  blood. 

On  the  other  hand,  the  eliminative  function  of  the  kidney  exposes  it 
to  the  effects  of  the  toxaemia  of  malaria,  so  that  albuminous  urine  is  a 
very  common  clinical  sign  in  acute  pernicious  malaria,  especially  if  pro- 
tracted, while  the  condition  of  the  renal  cells  in  the  present  cases,  and 
in  most  others  reported,  shows  nearly  constantly  a  considerable  damage 
to  the  organ  from  this  cause.  The  lesions,  however,  were,  in  most  of 
the  present  cases,  of  a  purely  degenerative  type,  witho\it  evidence  of 
exudation  into  the  stroma  or  other  changes  in  the  connective  tissue. 
In  Case  III  the  degenerative  changes  were  very  intense,  many  cells  were 
extensively  eroded,  and  some  necrotic,  and  although  the  tubules  were 
dilated,  and  casts  and  granular  coagulum  were  present  in  considerable 
abundance,  indicating  a  near  approach  to  exudative  nephritis,  yet  there 
were  no  leucocytes  in  the  tubules  and  no  leucocj'tes  or  serum  in  the 
stroma. 

With  the  minor  exception  of  a  slight  glomerulitis,  described  in  one 
case  by  Bignami,  no  more  serious  lesions  have  been  found  in  the  kidney 
in  uncomplicated  acute  malaria.  That  the  lesions  are  entirely  out  of 
proportion  to  the  number  of  parasites  in  the  organ  and  are  probably 
of  toxic  origin  has  been  generally  accepted.  The  peculiar  very  abund- 
ant deposit  of  haemosiderin  granules  in  the  renal  cells,  as  illustrated  in 
extreme  degree  in  Cases  III  and  VII,  is  a  somewhat  characteristic 
feature  of  the  malarial  kidnev,  but  is  sometimes  seen  in  other  diseases. 
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The  anomalous  condition  of  the  moduUary  tubules  in  Case  I,  the 
lining  cells  containing  enormous  numbers  of  pigment  wreaths,  has 
already  been  considered  in  the  report  of  that  case  (p.  13i).  Changes 
characteristic  of  "  blackwater  fever "  were  found  in  Case  VII,  and 
consisted  in  extreme  congestion,  numerous  small  ha;morrhages,  exces- 
sive deposits  of  granular  and  crystalline  pigment,  probably  derived 
from  dissolved  haemoglobin,  and  peculiar  necrosis  of  tubule-cells.  In 
Case  V  the  intense  and  peculiar  degeneration  of  the  tubule  cells  seems 
referable  in  part  to  the  obstructed  circulation  from  thrombi  of  in- 
fected red  cells,  while  the  haemorrhagic  type  of  the  nephritis  was  dis- 
tinctly the  result  of  localization  of  parasites  in  the  renal  capillaries. 

GASTRO-I^^TESTINAL  TRACT- 

In  six  of  the  present  cases  no  gross  lesions  in  the  gastro-intestinal 
mucosa  were  to  be  found.  In  one  ease  (III)  considerable  diarrhoea  of 
long  standing  failed  to  leave  any  traces  of  inflammation  in  the  intestine 
or  colon.  In  Case  VII  an  intense  catarrhal  colitis  was  apparently  not 
caused  directly  by  the  malarial  infection,  as  only  moderate  traces  of 
parasites  and  pigment  were  found  in  the  intestinal  wall. 

In  Case  VIII  amoebic  dysentery  of  moderate  extent  was  combined 
with  intense  general  malaria]  infection,  but  sections  of  the  ulcers, 
while  showing  large  numbers  of  the  amoebae,  exhibited  very  scanty 
traces  of  malarial  infection,  no  parasites  and  few  pigmented  leucocytes 
being  found. 

These  cases  indicate  that  marked  diarrlioea  in  pernicious  malaria 
may  occur  without  anatomical  changes  in  the  intestinal  mucosa,  or 
may  result  from  a  secondary  catarrhal  colitis  not  directly  caused  by 
the  malarial  parasite,  or  may  result  from  amoebic  colitis,  in  which  the 
malarial  infection  is  not  directly  concerned.  It  has  already  been 
shown  also  that  hsematemesis,  severe  diarrhoea,  and  paroxysms  resem- 
bling Asiatic  cholera  occur  as  the  result  of  the  massing  of  parasites  in 
the  gastro-intestinal  mucosa. 

According  to  Marchiafava,  in  the  choleriform  malarial  cases,  the  parasites 
are  very  abundant  in  the  mucosa  of  the  small  intestine,  but  scarce  or  absent 
elsewhere.  Infected  red  cells  may  be  identified  in  the  stools,  which  are 
often  bloody.  The  intestine  contains  bloody  fluid  and  flocculi  of  mucus. 
The  mucosa  is  swollen,  congested,  and  shows  superficial  ha?morrhages  and 
erosions.  It  is  often  dark  brown  or  chocolate  colored,  while  the  unaffected 
light  solitarj'  follicles  project  prominently.  Microscopic  examination  shows: 
(1)  injection  of  vessels  of  mucosa  and  especially  of  villi  with  blood  con- 
taining- many  parasites;  (2)  necrosis  of  epithelium  of  villi  and  mucosa,  in 
which  areas  neither  nuclei  nor  parasites  can  be  stained;  (3)  infiltration  with 
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leucocytes  beneath  the  necrotic  areas;  (4)  bacterial  invasion  of  necrotic 
tissue;  (5)  mitotic  division  of  nuclei  of  sound  epithelial  cells;  (G)  freedom 
from  parasites  of  vessels  of  submucosa,  which  contain  many  pigmented 
leucocytes. 

In  Case  II,  althougli  a  considerable  number  of  parasites  was  found  in 
the  intestinal  mucosa,  tliere  were  no  changes  referable  to  their  pres- 
ence, and  the  patient  did  not  suffer  from  diarrhoea. 

There  has  apparently  been  little  opportunity  to  ascertain  the  character 
of  reparative  processes  which  may  follow  the  acute  lesions  in  choleriform 
pernicious  malaria,  since  such  cases  are  usually  fatal.  Pensuti,"  however, 
has  furnished  one  observation  of  interest  in  this  connection.  A  patient  wIid 
had  suffered  in  November,  1892,  from  severe  malaria  with  vomiting  and 
profuse  diarrhcpa.  was  treated  actively  by  quinine,  but  the  diarrhoea  per- 
sisted and  he  died  of  broncho-pneumonia  in  February,  1893.  In  the  intes- 
tine, especiallj'  in  the  ileum,  the  mucosa  was  hypercemic,  and  showed  some 
amyloid  changes  in  the  vessels.  In  many  places  there  was  complete  dis- 
appearance of  the  glandular  layer,  which  was  replaced  by  young  connective 
tissue.  The  remaining  islands  of  glandular  tissue  showed  marked  hyper- 
trophy of  alveoli.  A  good  deal  of  pigment  (character  not  stated)  was  found 
in  the  mucosa.  Pensuti  regarded  the  lesion  as  referable  to  the  toxic  effects 
of  malaria. 

There  seems  to  be  little  pathological  evidence  on  which  to  discuss 
the  relation  to  malaria  of  some  forms  of  tropical  colitis  not  amcebic, 
but  often  associated  with  pernicious  malaria. 

CENTRAL  XERVOUS   SYSTEM. 

Gross  appearances. — In  some  cases  of  comatose  malaria  with  rich 
infection  the  brain  presents  a  characteristic  brownish  discoloration, 
most  marked  in  the  gray  matter,  which  results  from  deposits  of  pig- 
ment. This  condition  has  been  found  in  a  considerable  number  of 
cases,  but  by  no  means  in  all.  In  40  cases  Kelsch  and  Kiener  found 
marked  discoloration  of  the  cortex  in  9,  and  faint  changes  in  11  cases. 
When  present  it  invariably  indicates  the  presence  of  a  very  large  num- 
ber of  parasites  and  much  pigment  in  the  brain  tissue.  Its  absence,  on 
the  other  hand,  by  no  means  excludes  the  presence  of  a  large  numl)er 
of  pigment-free  parasites  in  the  gray  matter,  a  fact  which  was  apparent 
in  some  of  my  cases  not  reported  here,  and  which  is  referable  to  several 
causes.  The  astivo-autumnal  parasite  is  not  always  a  very  active  pig- 
ment-producer, and  Guarnieri  and  Bignami  have  depicted  cerebral 
capillaries  completely  thrombosed  by  pigment-free  rosettes.   Very  large 

'•'  Gazz.  med.  di  lionui,  1893,  xix,  p.  121. 
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numbers  of  young  parasites  may  therefore  be  present  in  a  tissue 
which  shows  very  little  gross  evidence  of  pigmentation.  The  discolor- 
ation resulting  from  jaundice,  which  frequently  complicates  fatal  ma- 
laria, may  obscure  the  effects  of  malarial  pigmentation.  Finally,  as 
will  subsequently  be  shown,  the  majority  of  cases  of  comatose  malaria 
do  not  exhibit  a  massing  of  parasites  and  pigment  in  the  brain,  so  that 
the  characteristic  discoloration  of  the  gray  matter  sometimes  foimd  is 
not  to  be  expected  in  these  cases.  Accordingly  of  eight  cases  of  coma- 
tose pernicious  malaria  in  which  I  was  able  to  examine  the  brain  a 
brownish  discoloration,  which  could  be  regarded  as  absolutely  char- 
acteristic of  malaria,  was  not  found  in  any.  Most  of  the  eases  were 
jaundiced,  but  in  two  others  showing  many  parasites  the  discoloration 
present  was  too  faint  to  be  regarded  as  pathognomonic  of  the  disease. 

Multiple  haemorrhages  in  the  gray  matter  have  been  described  in 
comatose  malaria  by  Guarnieri,  Bignami,  Marehoux,"'  Monti,  Bastia- 
nelli,  Blanc,  and  Spiller.^  These  lesions  were  not  discovered  in  any 
of  my  cases.  In  Bastianelli's  case  the  haemorrhages  were  limited  to 
the  cerebellum,  while  disturbances  of  equilibrium  were  said  to  have 
been  prominent  symptoms  during  life.  In  a  case  reported  by  Blanc, 
in  addition  to  numerous  capillary  haemorrhages,  there  was  a  large  sub- 
cortical clot. 

Pial  cedema  of  moderate  grade  has  been  found  in  the  majority  of 
cases,  but  cannot  be  regarded  as  of  special  significance. 

Blanc  and  Borrut  claim  to  have  observed  true  inilammatory  exuda- 
tive lesions  in  the  brain  in  pernicious  malaria,  but  their  observations 
have  not  been  confirmed.  Maillot,  in  1851,  mentioned  two  cases  of  red 
softening  of  the  lower  dorsal  cord. 

Microscopic  changes. — The  microscopic  appearances  of  the  brain  tis- 
sue in  the  t3rpical  cases  of  pernicious  malaria  of  cerebral  type  are  too 
well  known  to  warrant  minute  description  here.  The  principal  feat- 
ure is  the  massing  of  red  cells  infected  with  various  forms  of  ajstivo- 
autumnal  parasites  in  the  capillaries.  Usually  the  parasites  have  been 
found  iiniformly  distributed  in  the  brain  and  cord,  but  Marchiafava  "* 
observed  a  case  with  bulbar  symptoms,  in  which  there  was  special 
localization  in  the  medulla,  and  in  a  case  of  Bastianelli's  the  limitation 
of  haemorrhages  to  the  cerebellum  indicated  a  special  massing  of  para- 
sites in  that  region.     The  numbers  of  these  parasites  are  sometimes 

■«  Annales  de  V InMUxtt  Fasteni;  1897,  xi,  p.  MO. 
'■^Amer.  .Tovru.  Jfed.  Sciences,  1900,  cxx,  ji.  620. 
^*  Lavorl  il.  III.  Cnif/r.  rli  med.  int.,  Roma,  1890,  p.  142. 
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enormous,  often  partly  or  completel}'  occluding  tiie  luuien  of  the  vessel. 
Complete  thrombosis  frequently  results  from  the  agglutination  of  in- 
fected red  cells,  pigmented  leucocytes,  and  swollen  endothelial  cells. 
Capillary  hajmorrhages  result  in  the  neighborhood  of  such  thrombi, 
and  are  probably  preceded  by  degenerative  changes  in  the  capillary 
endothelium.  While  most  of  the  fi.xed  pigment  is  found  in  the  endo- 
thelium and  in  eircumvascular  lymph  spaces,  parasites  are  rarely  seen 
in  the  endothelial  cells.  Monti,  however,  describes  well  preserved 
parasites  in  degenerating  endothelia  and  believes  that  the  parasites 
are  sometimes  capable  of  development  in  these  cells.  Such  an  occur- 
rence is  at  least  unusual. 

To  the  general  condition  of  obstructed  circulation  it  is  probably  safe 
to  refer  the  marked  cerebral  symptoms  of  such  cases  of  acute  perni- 
cious malaria. 

The  infiltration  of  pericellular  lymph  spaces  with  small  round  cells, 
which  is  seen  in  many  infectious  diseases,  was  hoted  in  some  of  the 
present  cases,  but  not  in  excessive  degree. 

The  deposit  about  the  ganglion  cells  of  peculiar  masses  of  variously 
twisted  threads  and  rods  staining  densely  with  methylene  blue,  was 
noted  in  the  description  of  Case  II. 

Considerable  attention  has  been  paid  in  recent  years  to  the  condition 
of  the  ganglion  cells  in  comatose  cases  of  malaria.  Monti  studied  the 
changes  in  the  ganglion  cells  in  several  cases  by  means  of  Golgi's 
method.  In  some  instances  no  important  alterations  of  the  ganglion 
cells  were  found.  In  others,  with  severe  nervous  symptoms,  extensive 
changes  were  discovered,  of  focal  distribution,  affecting  principally  the 
dendrites.  These  processes  were  thinned  in  places  and  beset  with  many 
small  swellings,  and  the  changes  affected  either  the  finest  twigs  only, 
or  the  entire  dendritic  system,  or  the  cell  body  itself  was  shrunken 
and  irregular.  Some  dendrites  showed  the  usual  changes  of  varicose 
atrophy.  The  axis  cylinder  processes  were  sometimes  found  normal, 
but  in  the  severe  comatose  cases  extensive  changes  of  the  above  types 
affected  the  axis  cylinder  as  well  as  the  dendritic  processes.  Monti 
referred  the  changes  to  occlusion  of  capillaries,  finding  them  very 
similar  to  the  lesions  produced  by  multiple  emboli  produced  by  intra- 
vascular injection  of  lycopodiuni. 

The  lesions  in  the  ganglion  cells  demonstrated  by  XissFs  method 
have  appeared  in  the  present  cases  not  to  differ  essentially  from  those 
seen  in  other  infectiotis  diseases  with  marked  cerebral  sATiiptoms. 
These  changes  consist  principally  in  varying  degrees  of  chromatolysis 
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affecting  the  cortical  cells  rather  uniformly,  but  the  cells  of  the  bulbar 
nuclei  more  irregularly.  The  earlier  stages  of  the  lesions  include  re- 
duction in  size,  irregularity  and  subdivision  of  the  chromatic  bodies, 
usually  beginning  in  the  dendrites,  later  involving  the  cell  body.  In 
more  advanced  stages  the  chromatic  bodies  are  largely  destroyed,  and 
a  moderate  number  of  cells  may  be  entirely  bereft  of  chromatic  sub- 
stance. The  more  serious  lesions  of  true  acute  degeneration,  such  as 
destruction  of  cyto-reticulum,  shrinkage  and  cleavage  of  cell  body, 
vacuolation,  and  nuclear  changes,  were  seldom  seen  in  my  cases. 

As  to  causation  of  these  lesions,  probably  local  disturbances  of  cir- 
culation are  a  more  important  factor  in  malaria  than  in  most  other 
diseases,  but  the  comparative  uniformity  of  the  lesions  noted  indicates 
that  a  general  toxEemia  is,  even  in  cerebral  cases,  the  more  important 
pathogenic  agent. 

A  great  variety  of  nervous  si/mptmns  referable  to  disturbances  of  the 
central  nervous  system  have  been  attributed  to  malarial  infection  by  early 
writers  whose  reports  lack  the  evidence,  now  demanded,  of  a  positive  blood 
examination.  The  rather  extensive  literature  of  this  subject  has  been 
fully  considered  by  Maiinaberg.  and  in  a  recent  article  by  Bardellini."' 

Since  the  discovery  of  the  parasite,  there  is  good  clinical  and  in  some 
cases  anatomical  evidence  indicating  that  many  of  the  nervous  symptoms 
early  referred  to  malaria  may  really  be  dependent  on  mechanical  or  toxic 
lesions  resulting  from  this  infection.  Authentic  cases  have  been  reported 
sho\ving  hemiplegia  (Marchiafava.  Vespa);  general  convulsions  (Marchia- 
fava,  Bigiiami,  Baccelli);  tetanic  spasms  after  acute  malaria  (De  Francesco); 
athetoid  movements  (Boinet  and  Salebert) :  disturbances  of  equilibrium 
(Bastianelli,  Bignami);  trismus,  nystagmus,  various  toxic  and  clonic  spasms 
(by  many  writers);  post-malarial  psychical  disturbances  (Pasmanik,  Segard, 
and  many  others) ;  symptoms  of  disseminated  sclerosis,  paresis,  increased 
reflexes,  ataxia,  bulbar  paresis,  in  two  cases  (Angelini  and  Torti);  electric 
chorea  of  Dubini  (Bastianelli  and  Bignami);  paralysis  of  the  bladder  from 
spinal  lesions  (Bardellini) ;  hyperidrosis  from  affection  of  the  sympathetic 
(Bardellini);  and  polyneuritis  somewhat  resembling  Landry's  paralysis 
(Bardellini.  Torti,  Jlesnard).  Bardellini  concludes  that  when  nervous 
lesions  are  transitory  they  are  probably  embolic,  but  when  permanent  they 
are  probably  complicated  by  multiple  hemorrhages.  In  a  review  of  the 
recent  literature  he  could  find  no  satisfactory  evidence  that  periodic  neu- 
ralgias may  be  directly  i-eferable  to  malarial  infection. 

It  must  be  admitted  that  while  the  etiology  in  most  of  the  above 
cases  was  probably  malarial,  yet  the  evidence  is  generally  unsatisfac- 
tory and,  usually  lacking  anatomical  support,  is  inconclusive,  while 
in  some  instances  the  malarial  infection  was  clearly  secondary  and  had 
nothing  to  do  with  the  chronic  lesions. 

■'■  Annali  di  medicinn  iiavale,  1898,  iv,  p.  '.U9. 


172  Fatltologlcal  Anatomy  of  Malarial  Fever 

Coma  in  pernicious  malaria. — From  the  study  ol'  CU  cases  of  malarial 
coma  at  Montauk  and  in  New  York,  some  of  which  are  included  in  the 
present  series,  it  appears  that  this  cerebral  sjTnptom  in  malaria  occurs 
in  three  rather  distinct  clinical  pictures  and  under  three  entirely  differ- 
ent pathological  conditions. 

(1)  Malarial  coma  may  be  referable  to  massing  of  young  amoeboid  para- 
sites in  the  cerebral  capillaries. 

This  type  of  coma,  which  has  long  been  recognized  as  a  frequent 
form  of  pernicious  malaria,  is  illustrated  in  Case  III  in  which  the 
cerebral  symptoms  were  found  to  be  associated  with  an  extensive  mass- 
ing of  parasites  in  the  cerebral  capillaries,  while  the  deepening  stages  of 
coma  could  apparently  be  connected  with  the  increase  in  size  of  the 
parasites  and  the  gradual  filling  of  the  vessels  with  thrombi  of  infected 
red  cells,  pigmented  leucocytes,  and  swollen  endothelial  cells.  Xo  capil- 
lary haemorrhages  were  discovered. 

Clinically,  the  coma  resulting  from  this  pathological  condition  is 
rather  slowly  established  in  the  course  of  active  infections,  when  many 
young  parasites  are  found  in  the  finger  blood  and  when  the  tempera- 
ture is  elevated.  The  patient  is  usually  first  delirious,  then  mildly 
comatose,  then  deeply  comatose,  finally  stuporous,  with  abolition  of 
pupillary  and  other  reflexes,  and  almost  always  dies  within  4S  hours 
after  the  beginning  of  marked  cerebral  symptoms.  Of  11  such  cases 
observed  at  Montauk  10  died,  and  very  vigorous  treatment  succeeded 
in  saving  only  one. 

(2)  Malarial  coma  may  he  referable  to  embolic  processes  with  temporary 
occlusion  of  vessels  in  small  areas  of  the  brain,  and  withoxd  uniform  mass- 
ing of  parasites  in  cerebral  capillaries. 

In  these  cases  the  coma  develops  suddenly  and  may  be  as  suddenly 
Kcovered  from.  In  a  case  previously  reported  the  patient  three  times 
in  five  days  fell  back  unconscious  in  bed,  his  pipe  dropping  from  his 
mouth,  but  after  a  variable  period  he  recovered  consciousness,  picked 
up  his  pipe  and  resumed  smoking.  From  this  very  transient  form  the 
duration  of  the  coma  may  be  much  more  prolonged  and  serious,  but  it 
is  seldom  fatal.  It  may  occur  in  febrile  or  afebrile  eases  and  may 
exhibit  distinct  symptoms  of  focal  irritation  or  meningitis.  In  the 
blood,  few  or  many  crescents,  sometimes  tertian  parasites,  but  very 
few  rings  are  usually  found,  and  occasionally  no  parasites  can  be  dis- 
covered. Emboli  of  parasites,  pigmented  leucocytes,  and  visceral  ma- 
crophages, seems  to  be  the  only  anatomical  lesion  which  can  explain 
such   symptoms.     They  arise  in  established  cases  of  the  disease  and 
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on  microscopic  examination  extensive  malarial  lesions  are  fonnd  in  the 
viscera  but  few  or  no  parasites  are  to  be  found  in  the  brain.  Although 
crescents  or  tertian  parasites  may  be  abundant  in  the  peripheral  IiIihhI 
in  these  cases,  I  have  not  seen,  nor  been  able  to  find  in  the  liU'iatui-r 
report  of  any  case  in  which  large  numbers  of  crescents  or  tertian  para- 
sites were  found  occluding  cerebral  vessels,  and  it  appears  that  these 
parasites  do  uot  exhibit  the  tendency  to  unequal  distribution  in  any 
degree  comparable  with  the  fertile  ffistivo-autnmnal  forms. 

(3)  Malarial  coma  may  lie  rrfcralilc  to  the  general  to.rwDila  of  llir  iii- 
fectioii. 

In  these  cases  the  coma  usually  develops  slowly  but  may  in  cachectic 
cases  be  ushered  in  suddenly,  apparently  by  some  embolic  process.  It 
is  often  of  prolonged  duration  and  not  being  caused  by  massing  oh' 
young  parasites  in  cerebral  vessels  it  is  unaffected  by  quinine.  Occur- 
ring only  in  severe  cases  and  being  associated  with  serious  toxic  lesions 
in  many  viscera  it  is  nearly  always  fatal. 

Cases  I  and  IV  of  the  present  series  illustrate  this  type  of  ecmia. 
These  patients  were  comatose,  one  at  least  three  days  and  the  other 
for  two  weeks  before  death.  As  no  other  cause  for  the  coma  was 
found  it  had  to  be  referred  to  the  malarial  infection,  which  was  very 
severe  and  long  established.  These  cases  differed  radically  from  the 
classical  type  of  comatose  malaria,  as  in  one  only  a  few  crescents,  and 
in  the  other  only  tertian  parasites,  were  present  in  the  blood,  and  no 
parasites  and  comparatively  little  pigment  were  found  in  the  brains. 
They  show  conclusively  that  the  coma  of  pernicious  malaria  is  not 
always  referable  to  the  presence  of  parasites  in  the  cerebral  capillaries. 
In  the  Montauk  series""  there  were  four  other  fatal  eases  of  comatose 
a?stivo-autumnal  malaria  in  which  crescents  only  were  foimd  in  the 
blood,  and  one  other  fatal  tertian  case  with  prolonged  coma.  Jancso 
and  lloscnberger ''  also  have  reported  a  fatal  comatose  case  in  which 
the  brain  contained  few  parasites,  which  were  abundant  in  the  other 
viscera,  the  coma  being  referred  by  the  authors  to  a  toxic  origin.  It  is 
possible  that  too  little  attention  has  been  paid  to  the  opinion  of  Guar- 
nieri  that  malarial  coma  may  sometimes  be  caused  by  obstructicui  to 
the  portal  circulation.  This  opinion  was  based  upon  the  evident  ob- 
struction to  the  hepatic  circulation  commonly  found  in  the  liver  of 
pernicious  malaria,  and  iipon  the  experimental  production  in  dogs  of 
coma  without  convulsions  by  ligature  of  the  poi'tal  vein. 

■^'Ewins;,  X.   Y.  Mnl.  .A<«,-.,  ISidl,  Kix.  pp.  ]14;    141). 
■■•'  HeiilM-lnx  Arrli.  f.  kliii.   Mnh.  IS'.IO,  Ivii,  p.  44il. 
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Ura^nia  may  possibly  be  lield  partly  responsible  for  some  cases  of 
this  type  but  the  clinical  picture  is  not  that  of  urajraia  and  the  renal 
changes  are  not  such  as  are  commonly  associated  with  urscmia. 

Distinct  differences  in  prognosis  belong  to  these  three  varieties  of 
coma. 

Of  eleven  cases  in  which  c-onia  supervened  during  the  development 
of  a  numerous  brood  of  parasites,  ten  were  fatal.  Some  of  these,  but 
not  all,  were  of  the  classical  cerebral  type  with  massing  of  parasites  in 
the  brain.  The  energetic  use  of  quinine  has  some  influence  in  such 
cases. 

When  coma  develops  gradually  in  severe  and  long  established  cases, 
with  few  young  parasites  in  the  blood,  it  is  usually  of  toxic  origin,  is 
unaffected  by  quinine,  and  is  almost  invariably  fatal. 

Of  33  eases  of  coma  developing,  often  suddenly,  in  eases  with  cres- 
cents only  in  the  blood,  there  were  but  three  fatalities. 

THE   JIAI.AKI.VL  I'lGlIEXTS. 

Two  forms  of  iiuihirial  pigment  liave  long  been  recognized.  One  of 
these,  melanin,  is  granular,  brownish,  elaborated  directly  by  the  para- 
site, according  to  Sacharoff  from  the  nuclear  remnants  in  the  red 
cell,  and  fails  to  give  the  Prussian  blue  reaction  of  hfemosiderin.  It 
h  not,  on  that  account,  necessarily  free  from  iron.  This  pigment  is 
dissolved  by  ammonium  sulphide  and  readily  by  heat,  but  long  resists 
the  action  of  strong  acids  and  alkalis,  and  I  have  fovmd  it  to  be  insol- 
uble in  hardened  tissues  by  chloroform,  ether,  or  carbon  bisulphide. 

The  other  described  form  of  malarial  pigment  occurs  more  abund- 
antly in  protracted  cases,  as  small  yellowish  granules,  located  prin- 
cipally in  the  tissue  cells,  especially  in  the  liver,  kidney,  spleen,  and 
marrow.  It  yields,  when  fresh,  the  reaction  of  Prussian  blue,  but 
gradually  loses  this  reaction.  It  is  probably  the  hydrated  oxide  of 
iron  (Thoma). 

When  the  Hb.  of  red  cells  is  dissolved  in  the  plasma,  as  occurs  in 
poisoning  by  potassium  chlorate,  arsenic,  etc.,  and  in  diseases  such  as- 
pernicious  anaemia,  scorbutic  ailments,  malaria,  septicaemia,  etc.,  it  may 
be  found  in  the  tissues  in  granular  or  crystalline  form  and  of  dark 
brown  or  reddish  color.  Sometimes  such  Hb.  granules  are  soluble  in 
water,  but  more  often  they  are  altered  in  some  way  and  become  insolu- 
ble in  water,  when  they  have  been  called  "  paraha^moglobin  "  by  Xencki. 
Paraha?moglobin  is  very  nearly  identical  \vith  hsematoidin,  which  is  fre- 
quently precipitated  in  granular  or  crystalline  form  from  blood  extra- 
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vasations,  and  both  are  soluble  iu  chlorororiu  and  carbon  bisulphide. 
Perls,  Thoiiia,  and  Ziegler,  on  whose  authorily  tliese  statements  are 
made,  leave  one  to  infer  that  since  melanin,  the  black  nialaiial  ])iirnient, 
is  insoluble  in  chlorordnn,  etc.,  this  test  furnishes  a  chcinical  i-cactimi 
which  may  distinguish  liaMuatoidin  fi-om  malarial  pigment.  On  sub- 
mitting formalin-hardened  tissues  containing  old  blood  extravasations 
to  the  action  of  chloroform,  I  find  that  two  weeks"  exposure  has  no 
effect  upon  the  granules  and  crystals  of  ha'matoidin.  Possibly  they  had 
been  altered  by  age,  or  by  the  action  of  formalin,  but  the  same  result 
A\as  obtained  in  tissues  -hardened  in  alcohol.  Both  ha?niatoidin  and 
black  malarial  pigment  were  dissolved  by  ammonium  sulphide.  Accord- 
ingly I  failed  to  find  the  described  chemical  reactions  of  haimatoidin  of 
])ractical  value,  at  least  in  hardened  tissues,  in  distinguishing  between 
malarial  pigment  and  tlie  granular  and  crystalline  deposits  derived 
from  destruction  of  red  blood  cells. 

Another  difficulty  arises  in  the  identification  of  niahirial  pigment  in 
tissues.  ]\Iany  cases  of  pernicious  malaria  are  attended  with  marked 
jaundice.  In  many  cases  of  Jaundice  from  other  causes  bilirubin,  now 
regarded  as  identical  with  hajmatoidin,  is  deposited  in  granular  or  more 
often  in  crystalline  form,  and  is  identical  in  color  with  hsmatoidin  and 
with  much  pigment  found  in  the  bodies  of  malarial  jiarasites.  In  sec- 
ticns  of  two  cases  of  marked  jaundice  following  pneumonia,  one  in  a 
young  infant,  the  other  in  an  adult,  T  found  many  crystals  and  gran- 
ules of  bilirubin  (?)  (Perls,  Ziegler)  in  the  hepatic  endothelium.  In 
the  case  of  the  infant,  they  were  found  in  large  masses  in  the  liver 
cells  also,  as  well  as  in  many  leucocytes  in  varioiis  organs,  which  very 
closely  resembled  the  pigmented  leucocytes  of  malaria.  Now  bilirubin 
in  fresh  bile  is  turned  green  by  formalin  and  gives  Gmeliu's  reaction, 
l)ut  the  crystals  in  neither  of  tliese  cases  turned  green  in  formalin  nor 
gave  Gmelin's  reaction.  There  were,  however,  other  greenish  particles 
in  the  formalin-hardened  sections  of  both  livers.  In  both  cases  chloro- 
form failed  to  alter  the  crystals  in  two  weeks,  and  they  failed  to  give 
thr  Prussian  blue  reaction.  That  the  crystalline  deposits  in  the  liver 
cells  of  the  iiew-l)()rn  infant  were  derived  from  the  bile  there  can  be 
little  doubt,  and  the  faihire  of  ihe  reactions  may  be  explained,  as  is 
done  by  Gerhardt  and  other-  (ijuoted  by  Perls),  who  find  that  in  many 
forms  of  jaundice  urobilin  and  not  bilirubin  is  formed.  Urobilin  fails 
to  give  Gmelin's  reaction.  Formalin-hardened  sections  of  these  tissues 
were  treated  for  24  hours,  also,  in  carbon  liisnipbide.  and  in  ether,  but 
no  cliange  in  tlie  jiigment  was  observed.  Tbe  >ame  negative  result 
was  obtained  with  sections  of  malarial  tissues. 
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These  cases  are  briclly  rclciTt'd  to  in  order  to  j)oiiu  out  that  the 
jaundice  of  infectious  diseases  may  cause  deposits  of  pigment  which 
arc  indistinguishable  morpliologically,  and  by  all  ordinary  chemical 
procedures,  from  much  malarial  pigment.  'N'arious  reports  of  the  find- 
ing of  malarial  pigment  in  the  liver  cells  in  pernicious  malaria  have 
possibly  not  been  made  with  full  recognition  of  this  fact.  The  positive 
identification  of  malarial  pigment  therefore  becomes  a  matter  of  great 
difficulty,  for  it  appears  from  the  above  considerations  that  in  malarial 
fever  one  may  meet  with  granular,  sometimes  crystalline  pigment  par- 
ticles, free  in  the  vessels  or  englobed  in  various  cells,  not  giving  the 
Pnissian  blue  reaction,  nor  dissolving  in  chloroform,  ether,  or  carbon 
bisulphide,  but  dissolving  in  aiiiiiuiMiiiiii  sulphide,  which  may  have  any 
one  of  the  following  origins: 

(1)     Pigment  elaborated  by  the  intracellular  parasite. 

(5)     Ha-matoidin  derived  from  the  remnants  of  infected  red  cells. 

(3)  Hannatoidin  or  altered  ha'inoglobin  deposited  in  granular  oi- 
crystalline  form  from  red  cells  dissolved  in  the  plasma.  (Haemoglobi- 
nuric  fever,  jaundice,  extravasated  blood,  post-mortem  processes.) 

(4)  Bilirubin  or  urobilin  granules  or  crystals. 

Throughout  the  study  of  the  present  cases,  in  addition  to  the  dark 
brownish  granular  pigment  inclosed  in  cells  or  parasites,  larger  dark 
brown  particles  exhibiting  more  or  less  crystalline  forms  were  fre- 
quently found.  When  scanty  they  were  usually  limited  to  the  spleen, 
but  in  Case  VII  there  were  excessive  deposits  in  all  viscera  except  the 
liver  and  spleen.  Since  the  pigment  in  parasites  is  invariably  granular 
and  not  crystalline — possibly  there  arc  rare  exceptions  in  the  crescentic 
bodies — the  above  considerations  render  it  extremely  probable  that 
the  strictly  malarial  pigment,  i.  e.,  that  derived  from  parasites,  is  never 
found  in  crystalline  form,  and  that  all  such  crystals  ought  to  be  referred 
to  some  other  origin.  Moreover  as  the  detritus  from  dissolved  red  cells 
may  be  found  as  brownish  granules  in  the  bodies  of  phagocytes,  it  can- 
not be  claimed,  even  for  the  pigmented  macrophages,  that  all  granular 
pigment  is  derived  from  parasites. 

When  one  follows  the  changes  that  occur  in  degenerating  parasites 
and  red  cells  within  a  macrophage,  there  are,  however,  certain  long- 
retained  characters  which  often  serve  to  distinguish  the  pigment  de- 
rived from  parasites  from  that  resulting  from  the  destruction  of  red 
cells. 

In  sections  of  tissues,  the  pigment  within  ]iarasitcs  is  invariably 
finely  granular,  first  appearing  as  one  ni-   iwd   (ine  grains,   later  as  a 
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liirgiT,  more  or  less  irregular  clump,  while  in  tEstivo-autumnal  rosettes 
the  pigment  appears  in  a  rather  compact  spheroidal  mass  of  fine  gran- 
ules. In  sections,  the  pigment  is  usually  less  compact  than  in  blood 
smears,  in  which  it  may  often  be  found  in  a  single  largo  block  with 
outlying  grains.  When  these  pigmented  parasites  are  englobed  in 
macrophages  the  body  of  the  parasite  rapidly  disappears,  in  4  to  5 
hours  according  to  Marchiafava,  leaving  a  small  vacuole  about  the  pig- 
ment clump,  and  usually  leaving  the  pigment  undisturbed  in  arrange- 
ment of  granules  for  some  days.  When  the  pigment  clump  is  englobed 
after  its  discharge  from  the  rosette  into  the  plasma,  it  appears  some- 
times to  retain  its  compact  arrangement,  in  which  case  the  englobed 
mass  fails  to  show  a  surrounding  vacuole.  In  the  leucocytes  of  the 
peripheral  blood,  which  appear  to  absorb  most  of  their  pigment  from 
the  plasma,  it  is  seldom  possible  to  detect  any  vacuole  surrounding 
the  clump.  When  a  red  cell  is  englobed  in  a  macrophage,  the  Hb.  is 
frequently  reduced  to  brownish  granules  skirting  the  periphery  of  the 
space  originally  occupied  by  the  red  cell,  or  sometimes  showing  a  less 
regular  arrangement  of  fine  granules  within  a  large  vacuole. 

Finally,  when  a  red  cell  infected  by  a  pigmented  parasite  is  englobed, 
the  destruction  of  the  red  cells  may  leave  a  peripheral  ring  of  granules, 
while  the  larger  compact  mass  from  the  parasite  occupies  a  central  or 
peripheral  position  (Plate  X,  Figs.  1  and  i). 

From  a  minute  study  of  the  appearances  of  intracellular  pigment 
clumps  in  sections,  and  especially  in  smears  of  tissues,  it  is  possible 
to  follow  degenerating  parasites  and  red  cells  through  all  the  stages 
just  described,  and  to  distinguish  in  many  instances  pigment  derived 
from  parasites  from  that  resiilting  from  the  destruction  of  red  cells. 
After  a  variable  time  all  englobed  pigment  appears  to  concentrate  in 
more  compact  perinuclear  masses,  and  the  above  features  can  no  longer 
be  identified.  Some  of  the  larger  masses  appear  to  form  by  the  coales- 
cence of  two  or  more  vacuoles. 

When  one  compares  the  deposits  of  haemoglobin  which  occur  in 
inflamed  tissues  infiltrated  with  blood,  with  deposits  of  malarial  pig- 
ment, certain  characters  are  often  distinctly  apparent  which  serve  to 
distinguish  the  one  from  other.  Chief  among  these  is  the  crystalline 
form  of  much  of  the  pigment  in  the  inflammatory  deposits.  In  many 
such  cases  the  formation  of  intra-  and  extra-cellular  circles  of  crystal- 
line pigment  may  be  traced  from  whole  or  subdivided  red  cells.  Such 
features  were  noted  especially  in  the  renal  tubules  of  Case  I  of  the 
present  series  (Plate  XI,  Fig.  9).     Sometimes  the  pigment  circle  repro- 
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duces  the  original  size  ol'  tlio  intact  red  cell,  usually  it  is  smaller,  the 
red  cell  having  been  subdivided  before  its  final  alteration,  while  fre- 
quently the  crystals  are  isolated  and  elongated,  or  of  small  size  resem- 
bling granules.  Xo  spheroidal  clumps  of  finely  granular  pigment  like 
that  of  the  sestivo-autumnal  rosette  were  seen  in  several  inflamed 
mucous  membranes  with  disintegrating  blood,  examined  for  this  pur- 
pose. In  cases  of  pneumonia,  septicajmia,  and  blood  extravasations 
from  various  causes,  along  with  the  crystalline  pigment  there  was  much 
coarsely  granular  pigment  in  leucocytes  and  endothelial  cells,  but  none 
or  very  few  of  the  clumps  exhibited  the  finely  granular  character  of 
fresh  malarial  pigment. 

Since  malarial  pigment  as  seen  in  the  parasite  is  practically  never 
found  in  crystalline  form,  and  there  seems  to  be  no  good  reason  to 
assume  its  transformation  into  crystals  after  englobement  by  phago- 
cytes, crystalline  pigment  must  be  referred  to  other  sources,  princi- 
pally the  destruction  of  red  cells. 

According  to  Thoma,  hemosiderin  probably  results  when  the  detri- 
tus of  red  cells  is  acted  upon  by  living  tissue  cells,  while  hsmatoidin 
is  produced  in  the  bulk  of  a  blood  extravasation  where  living  phago- 
cytes are  absent. 

The  study  of  hepatic  macrophages  in  malaria  shows,  however,  that 
englobed  red  cells  may  be  reduced  to  hfematoidin  as  well  as  to  hfemo- 
siderin.  Xot  infrequently  one  finds  in  the  bodies  of  such  macrophages 
red  cells  which  give  the  ha^mosiderin  reaction,  but  show  in  addition 
some  black  hsematoidin  grains.  This  fact  has  also  been  noted  by 
Barker.  The  two  pigments  appear  to  form,  in  malaria,  under  nearly 
identical  conditions,  and  in  the  large  macrophages  it  appears  certain 
that  the  majority  of  englobed  red  cells  are  reduced  to  hffimatoidin. 

Not  having  found  in  chloroform,  ether,  carbon  bisulphide,  acidified 
potassium  ferrocyanide,  or  ammonium  sidphide,  any  chemical  reagent 
that  will  distinguish  malarial  pigment  from  parahiemoglobiu,  hfema- 
toidin, bilirubin,  or  urobilin,  etc.,  one  must  apparently  rely  upon  mor- 
phology alone  for  its  identification  in  hardened  specimens. 

In  pernicious  malaria,  the  formation  of  pigment  bj  the  parasite, 
the  intracellular  destruction  of  red  cells,  the  solution  of  Hb.  in  the 
plasma,  occurring  most  extensively  in  hajmoglobinuric  fever,  but  seen 
to  some  extent  probably  in  all  fatal  cases,  the  deposit  of  bilirubin  or 
urobilin  crystals  or  granules  in  jaundiced  cases,  all  are  processes  which 
are  variously  intermingled  in  the  disease,  and  in  the  study  of  the  tissues 
it  is  of  prime  importance  (see  Cases  I  and  VIT)  to  distinguish  as  far  as 
possible  between  them. 
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Case  X  has  beeu  reported  here  in  order  to  illustrate  the  practical 
importance  of  the  foregoing  observations. 

Certain  alterations  of  interest  were  noted  in  the  deposits  o£  pigment 
in  liver  and  spleen  after  subsidence  of  the  infection.  Throughout  the 
]ieriods  of  active  infection  the  pigment  was  richly  and  uniformly  dis- 
tributed in  all  parts  of  the  organs.  In  a  case  of  typhoid  fever  in  a 
malarious  subject  dying  from  perforation  three  weeks  after  the  dis- 
appearance of  parasites  under  quinine,  the  pigment  in  the  liver  was 
found  in  less  numerous  but  larger  and  more  compact  clumps  within 
the  capillaries,  but  very  little  had  yet  reached  the  portal  canals.  In 
the  spleen  the  beginning  concentration  of  pigment  had  caused  the 
appearance  of  a  pigment  network  with  large  meshes,  within  which  were 
newly-formed  cells  free  from  pigment  (Plate  XIV,  Fig.  IT). 

In  another  ease,  dying  three  months  after  subsidence  of  the  infec- 
tion, the  greater  concentration  of  pigment  is  clearly  indicated  in  the 
photograph  (Plate  XV,  Fig.  18). 

Ferrier,"  in  a  case  dying  one  month  after  cessation  of  fever,  found 
a  moderate  amount  of  pigment  in  the  cells  of  the  pulp  cords  only. 
In  another  case,  after  a  similar  period,  much  pigment  in  nodular  blocks 
2-3  times  the  diameter  of  the  splenic  cells  was  found  in  the  splenic 
cords.  Rather  less  pigment  was  found  in  the  arterial  walls  and  peri- 
pheries of  follicles.  In  a  third  case,  six  weeks  after  acute  symptoms, 
most  of  the  pigment  was  found  in  very  large  cells  in  the  centres  of  the 
pulp  cords. 

DESCEIPTION  OF  PLATES  X-XV. 
Plate  X. 

Fig.  1.  Appearance  of  hepatic  macrophage  in  Case  II.  Various  stages  of  liestructicm 
of  infected  and  uninfected  red  cells  and  of  parasites. 

Fig.  'i.  Hepatic  endothelial  cell  in  established  nestivo-autnmnal  fever,  containing 
pigment. 

Fig.  o.  Hepatic  macrophage  in  Case  VII,  fatal  infection  with  large  tertian  parasite. 
The  pigment  is  distributed  in  fine  granules  and  in  blocks. 

Fig.  4.  Endothelial  macrophage  of  circulating  blood,  containing  rings  and  masses 
of  pigment  and  degenerating  parasites.     Red  blood  corpuscle  at  the  side. 

Fig.  .5.  Polynuclear  leucocyte  of  circulating  blood  with  englobed  rosette  and  full 
grown  parasite. 

Fig.  G.  The  usual  pigmented  mononuclear  leucocyte  of  the  circulating  blood. 

Fig.  7.  Capillary  in  muscle  of  the  heart,  showing  numerous  intra-corpuscular 
parasites.     Case  II. 

Plate  XI. 

Fig.  S.  Appearance  when  stained  of  vacuolated,  pigmented  leucocyte,  common  in 
malarial  blood. 

•'^  Arch,  de  nird.  erph'.,  ISttT,  ix,  p.  87. 
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Fii:.  M.  Pigmentary  deposits  in  cells  of  renal  tubule,  from  (lisintegratintr  red 
corpuseles.     Case  I. 

Fis:.  10.  From  section  of  uterine  submncosa  of  Case  X,  puerperal  septica'mia. 
Deposits  of  wreaths  of  granular  and  crystalline  pigment,  resembling  malarial  pig- 
ment, in  tissue  infiltrated  with  blood. 

Plate  XII. 

Fig.  11.  Early  stages  of  destruction  of  red  corpuscles  with  deposit  of  peripheral 
rings  of  h»matoidin.      Pigmented  leucocytes.     Case  VII  and  others. 

Fig.  12.  Later  stages  of  destruction  of  red  corpuscles  with  deposit  of  crystals  of 
hivmatoidin.     Case  VII. 

Plate  XIII. 

Fig.  l.^.  Photograph  of  section  of  kidney.  Case  V'.  Degeneration  of  renal 
epithelium  and  granular  coagulum  around  glomerulus.      x   2.50. 

Fig.  14.  Photograph  of  section  of  iiidney,  Case  V,  showing  massing  of  malarial 
parasites  in  reual  capillaries.      x   2.50. 

Fig.  15.  Photograph  of  section  x  1000,  same  case,  showing  pigmented  parasites 
iu  renal  capillary. 

Plate  XIV. 

Fig.  16.  Photograph  of  section  of  spleen.  Case  VII,  showing  distribution  of  pig- 
ment in  acute  pernicious  malaria. 

Fig.  17.  Photograph  showing  reticular  arrangement  of  pigment  in  the  spleen, 
three  weeks  after  subsidence  of  acute  malarial   infection. 

Plate  XV. 

Fig.  18.  Photograph  showing  disposition  of  pigment  in  the  spleen,  three  months 
after  acate  malarial  infection.     Case  IX. 

Fig.  19.  Photograph  showing  distribution  of  pigment  in  the  liver,  three  months 
after  acute  malarial  infection.     Case  IX. 
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THE  PRESENT  STATUS  OF  SERUMTHERAPY  IN 

TYPHOID  FEVER.i 

BY  JAMES  EWING,  A.M.,  M.D., 

OF  NEW  YORK; 
PROFESSOR  OF   PATHOLOGY    IN    CORNELL    UNIVERSITY    MEDICAL  COL- 
LEGE. 

In  view  of  the  very  successful  results  that  have 
■  been  obtained  by  the  serum  treatment  of  diph- 
theria and  the  preventive  therapeutics  of  rabies, 
the  question  naturally  arises  as  to  why  no  great 
success  has  followed  very  numerous  attempts  to 
affect  favorably  the  course  of  typhoid  fever  by 
serumtherapy.  On  many  grounds  a  comparison 
of  the  clinical  features  and  pathological  charac- 
ters of  diphtheria  and  typhoid  fever  would  seem 
to  indicate  the  latter  disease  rather  than  the  for- 
mer as  the  one  more  favorable  for  the  successful 
inauguration  of  a  system  of  serumtherapy. 

Diphtheria  is  a  disease  which  commonlj'  devel- 
ops with  great  rapiditv  and  without  announcing 
its  advent  by  distinct  premonitory  symptoms. 
Its  focal  lesion  in  the  pharynx  often  reaches  ex- 
tensive development  in  a  few  hours;  its  toxins 
are  thrown  into  the  circulation  in  overwhelming 
doses  and  produce  grave  cellular  alterations  in 
vital  tissues  in  the  first  stages  of  the  malady.  Ty- 
phoid fever,  on  the  other  hand,  is  slowly  ushered 
in,  as  a  rule,  by  several  days  of  premonitory 
symptoms  or  mild  illness,  serious  anatomical  le- 
sions are  not  present  till  the  second  or  third  week, 
ample  time  is  offered  before  either  the  Intestine 
is  gravely  damaged  or  the  internal  viscera  exhibit 
degenerative  changes   for  the   administration  of 

^  Read  before  the  New  York  County   Medical  Association.  Nov. 
18. 1901. 


any  agent  thai  may  have  power  to  inhibit  the 
growth  of  the  bacilkis  typhosus  or  to  neutrahze 
its  toxins.  Yet  the  mortahty  of  diphtheria  has 
been  greatly  reduced  by  specific  antitoxin  treat- 
ment, while  typhoid  fever  has  long  remained  un- 
touched and  almost  unapproached  by  advances  in 
the  knowledge  of  artificial  immunization. 

It  may  be  of  interest  to  point  out  some  of  the 
reasons  which  may  be  advanced  to  explain  this 
failure  to  solve  the  problem  of  successful  sero- 
therapy of  typhoid  fever.  In  the  first  place  it 
develops  more  clearly  each  year  that  there  are 
fundamental  differences  in  the  nature  of  these 
two  bacterial  diseases  which  were  long  over- 
looked. In  diphtheria  the  bacteria  multiply  rap- 
idly on  superficial  mucous  surfaces  and  seldom 
reach  the  general  circulation,  producing  their  ef- 
fects by  diffusible  toxins  absorbed  from  the  focus 
of  infection.  Successful  isolation  of  the  bacillus 
diphtherise  from  the  circulating  blood  is  of  rare 
occurrence,  and  the  few  cases  in  which  it  has 
been  accomplished  serve  only  to  demonstrate  the 
almost  invariable  rule  that  in  fatal  diphtheria  the 
blood  is  free  from  the  specific  bacterium  of  the 
disease. 

In  typhoid  fever,  while  earlier  and  several  re- 
cent studies  by  Pasquale,  Thiemich,  Kraus,  Ett- 
linger.  Stern,  James  and  Tuttle,  Keuhaus,  Fran- 
kel,  and  Klein,  indicated  that  the  blood  seldom 
yields  positive  culture  of  bacillus  typhosus,  very 
recent  reports  from  several  sources  prove  that 
with  more  careful  technic  the  bacillus  can  be  iso- 
lated from  the  blood  in  the  majoritv  of  cases, 
even  comparatively  early  in  the  disease.  This 
conclusion  has  for  some  time  been  favored  by  the 
increasing  proportion  of  successful  attempts  to 
obtain  the  bacillus  from  the  cutaneous  lesions. 
Thus,  Soudakoff  and  Thiemich  obtained  the  bacil- 
lus in  fifty  per  cent,  of  their  cases  from  the  rose 


spots,  and  more  recently  Neuhaus  obtained  it 
from  the  skin  in  thirteen  of  fourteen  cases. 

Regarding  the  occurrence  of  the  bacillus  in  the 
blood  Kraus  and  Kuhnau  showed  that  there  is  a 
type  of  typhoid  septicemia  in  which  the  micro- 
organism is  practically  always  to  be  isolated  from 
the  blood.  During  the  past  year  several  studies 
have  shown  that  even  in  routine  cases  a  much 
higher  proportion  of  successful  results  may  be 
obtained  than  had  been  regarded  as  possible. 
Thus  Castellani  was  successful  in  twelve  of  four- 
teen cases.  Schotmuller  has  contributed  an  im- 
portant study  of  sixty-eight  cases  in  eighty-five 
per  cent,  of  which  he  found  the  bacillus  in  the 
blood.  He  distributed  twenty  c.c.  of  blood  from 
the  basilic  vein  in  several  flasks  containing  from 
200  to  300  c.c.  of  broth,  the  dilution  nullifying 
the  bactericidal  action  of  the  blood,  while  the 
large  bulk  of  blood  tended  to  insure  a  successful 
result  if  any  bacteria  were  present.  This  result 
emphasizes  the  absolute  necessity  of  drawing  con- 
clusions in  this  field  only  from  the  use  of  con- 
siderable quantities  of  blood.  Almost  equally 
successful  were  Auerbach  and  Unger,  who 
planted  onlv  from  ten  to  thirty  drops  of  blood  in 
300  c.c.  flasks  of  bouillon.  Examining  the  broth 
in  hanging  drops  they  sometimes  found  at  first 
a  very  scanty  growth  of  non-motile  rods  or 
threads  which,  when  replanted  on  fresh  broth 
free  from  blood,  gave  an  abundant  growth. 
With  these  small  quantities  of  blood  they  had 
seven  positive  results  in  ten  cases. 

These  studies  and  others  of  similar  import 
which  are  known  to  be  in  progress  prove  that 
typhoid  fever  in  the  great  majority  of  cases, 
whether  fatal  or  favorable,  is  a  form  of  septice- 
mia ;  and.  as  many  features  of  the  disease  have  led 
us  to  suspect  that  the  symptoms  of  typhoid  fever 
are  not  referable  so  much  to  the  intestinal  lesions 


as  to  the  presence  of  the  bacteria  in  the  blood  and 
viscera,  the  increasing  frequency  of  reports  of 
typhoid  infection  without  intestinal  lesions  thus 
becomes  quite  intelligible. 

Typhoid  fever  therefore  is  largely  a  bactere- 
mia, while  diphtheria  is  a  toxemia. 

Another  important  addition  to  the  knowledge 
of  typhoid  fever  has  resulted  from  recent  bac- 
teriological studies  of  the  blood  and  the  investi- 
gation of  the  agglutinative  properties  of  the  se- 
rum, which  tend  to  show  that  there  is  a  wide  va- 
riation in  the  characters  of  the  bacteria  concerned 
in  the  disease.  Babes  was  among  the  first  to 
point  out  various  marked  differences  between  cul- 
tures of  bacillus  typhosus  isolated  from  typhoid 
cadavers.  Some  of  them  produced  gas  and  in- 
dol,  properties  which  tended  to  throw  them  into 
the  colon  group.  He  usually  obtained  from  the 
same  cadavers  cultures  of  typical  typhosus,  and, 
while  denying  emphatically  that  the  irregular 
types  were  capable  of  producmg  typhoid  fever, 
he  admitted  that  they  probably  influenced  the 
character  of  the  disease,  since  they  acted  in  an- 
imals just  as  did  typhosus.  Many  observers  have 
reported  extreme  differences  of  virulence  in  cul- 
tures obtained  from  typhoid  cadavers.  Remy 
finds  that  when  typhosus  is  grown  along  with 
colon  bacillus  the  former  loses  its  susceptibility  to 
agglutination  and  may  be  so  far  altered  as  to  be 
unidentifiable  by  any  or  all  of  our  present  means. 

On  the  other  hand,  studies  of  the  colon  bacil- 
lus have  shown  that  this  species  very  frequently 
develops  characters  which  render  its  separation 
from  typhosus  extremely  difficult.  Sternberg 
isolated  several  species  of  coli  from  water  which 
failed  to  produce  indol  or  gas  or  to  coagulate 
milk,  but  were  agglutinated  by  high  dilutions  Ci- 
10,000)  of  typhoid  serum.  Deeleman  also  ob- 
tained colon  cultures  which  produced  no  gas  and 


did  not  coagulate  milk.  Remy  finds  that  when 
grown  with  typhosus  the  colon  bacillus  regularly 
loses  its  capacity  to  produce  gas  and  indol.  Jatta 
found  that  he  was  able  to  isolate  from  diarrheal 
stools  at  different  periods  of  the  disease  dift'erent 
types  of  coli  which  varied  in  their  capacity  to  co- 
agulate milk  and  were  agglutinated  in  varying 
degrees  by  blood  serum. 

The  hope  that  the  agglutination  test  would 
prove  a  ready  means  of  separating  typhosus  from 
the  colon  bacillus  has  not  been  realized.  Stern 
found  that  typhoid  serum  may  agglutinate  coli 
even  more  strongly  than  typhosus,  especially  co- 
Ion  cultures  from  the  stools  of  the  typhoid  pa- 
tients whose  serum  was  employed  in  the  test. 
Widal  and  Nobecourt  found  a  patient  whose  se- 
rum agglutinated  typhosus  only  in  i-JO  dilution, 
but  clumped  a  culture  of  coli  from  an  abscess  in 
a  dilution  of  1-12,000.  Eight  days  later  the  se- 
rum had  no  effect  on  typhosus  while  retaining  its 
power  over  the  colon  bacillus.  Beco  concluded 
that  typhoid  serum  agglutinates  most  colon  cul- 
tures, sometimes  verv  actively  but  always  less 
strongly  than  typhosus,  if  an  extremely  powerful 
serum  be  used. 

This  conclusion,  while  generally  holding,  has 
found  exception  in  the  experience  of  Widal, 
Sternberg,  Remy  and  Jatta.  Moreover,  Jatta 
showed  that  this  high  agglutinating  power  of 
typhoid  serum  over  the  colon  bacillus  could  not 
be  referred  to  secondary  infection  by  the  bacillus 
coli,  since  it  was  present  in  the  serum  of  animals 
receiving  injection  of  typhosus  only.  Not  only 
has  the  agglutination  test  failed  to  distinguish 
typhosus  from  coli,  but  it  appears  to  be  unable  to 
separate  all  cultures  of  these  germs  from  other 
more  distantly  related  members  of  the  intestinal 
flora,  since  it  has  been  shown  by  Gruber,  Durham, 
Sternberg,    Deelman,    Remy,    and    many    others, 


that  typhoid  serum  even  in  comparatively  high 
dilutions  may  agglutinate  Gaertner's  bacillus  en- 
teritidis,  Nocard's  bacillus  psittacosis,  and  Pe- 
truschky's  bacillus  fecale  alcaligenes. 

The  accumulating  evidence  of  studies  in  these 
related  fields  seems  therefore  to  justify  Durham's 
division  of  this  entire  group  of  intestinal  bacteria 
into  three,  instead  of  two,  classes,  and  to  war- 
rant the  common  application  of  the  term  "Gaert- 
ner's group"  to  those  species  intermediate  be- 
tween typhosus  and  coli,  with  which  the  produc- 
tion of  gas  and  indol  and  the  coagulation  of  milk, 
while  often  present  in  traces,  are  too  uncertain  to 
warrant  their  acceptance  either  as  genuine  typho- 
sus or  as  genuine  coli.  An  important  practical 
bearing  of  these  conclusions  was  not  apparent 
until  bacteriological  studies  of  the  blood  of  ty- 
phoid fever  began  to  show  that  the  typical  symp- 
toms of  this  disease  may  be  associated  with  the 
presence  in  the  blood,  as  the  undoubted  etiologi- 
cal agent,  of  bacteria  which  produce  gas  and 
indol,  coagulate  milk,  and  are  not  agglutinated  by 
typhoid  serum. 

The  credit  of  having  first  drawn  definite  atten- 
tion to  the  fact  that  some  irregular  forms  of  ty- 
phoid fever  are  referable  to  infections  by  bacteria 
intermediate  in  type  between  Eberth's  bacillus 
and  the  colon  bacillus  belongs  originally  to  sev- 
eral French  observers  who  combined  the  results 
of  study  of  the  bacteria  isolated  from  the  stools 
and  the  agglutinating  properties  of  the  serum  of 
these  patients.  Achard  and  Bensaude  appear  to 
have  published  the  first  complete  description  of  a 
case  of  this  type  in   1896. 

In  1897  Widal  isolated  from  an  abscess  in  a 
phthisical  patient  a  bacillus  resembling  coli,  but 
producing  no  indol  and  not  fermenting  lactose, 
while  the  patient's  serum,  which  had  no  effect  on 
typhosus  or  on  cultures  of  genuine  coli.  agghi- 


tinatcd  this  bacillus  in  dilution  of  1-1,000.  In 
1898,  Gvvyn  isolated  from  the  circulating  blood  of 
a  case  of  typhoid  fever  a  bacillus  which  produced 
no  indol  and  did  not  ferment  lactose,  but  fer- 
mented glucose,  while  the  patient's  serum,  inert 
with  typhosus,  agglutinated  this  bacillus  in 
1-200  dilution.  Shortly  before  this  Brill  had  de- 
scribed an  epidemic  of  typhoid  fever  of  a  type 
which  probalDly  belonged  in  this  class,  since  in 
none  of  the  eighteen  patients  was  Widal's  reac- 
tion obtained.  Unfortunately  there  were  no  bac- 
teriological analyses  of  the  blood,  while  cultures 
of  the  stools  yielded  the  colon  bacillus.  More  re- 
cently Schotmuller,  in  five  of  sixty-eight  routine 
cases  of  typhoid  fever,  found  bacteria  in  the  cir- 
culating blood  which  on  biological  characters 
must  be  classed  as  intermediate  between  bacillus 
typhosus  and  bacillus  coli.  These  cases  were  us- 
ually of  mild  type  and  not  such  as  might  be  ex- 
pected to  show  bacteremia.  The  blood  sera  failed 
to  agglutinate  cultures  of  genuine  typhosus,  but 
acted  strongly  on  the  bacillus  obtained  from  the 
blood  in  each  case,  and  all  of  five  sera  aggluti- 
nated all  the  cultures  in  the  series.  In  about  the 
same  proportion  of  cases,  five  out  of  sixty-two, 
studied  by  Kurth,  the  diagnosis  of  paratyphoid 
inflection  was  made,  either  by  the  presence  of 
specific  agglutinating  properties  in  the  serum,  or 
from  the  isolation  from  the  stools,  or  urine,  of 
bacteria  which  produced  no  indol,  fermented  glu- 
cose, and  in  other  characters  resembled  Gaertner's 
group.  These  cultures  lost  their  virulence  when 
heated  to  60°  C.  and  were  harmless  when  admin- 
istered by  mouth  to  guinea-pigs  and  rats.  The 
serum  of  these  patients  had  no  effect  upon  bacil- 
lus typhosus  nor  on  bacillus  enteritidis,  but  ac- 
tively agglutinated  the  particular  cultures  iso- 
lated from  the  stools. 

Rodet  rpcentlv  isolated  from  three  typhoid  cad- 


avers  bacilli  which  produced  no  indol  and  no  gas, 
but  grew  on  potato  like  the  colon  bacillus.  The 
initial  cultures  were  indifferent  to  both  typhoid 
and  colon  serum,  but  subcultures  were  aggluti- 
nated by  both  sera  in  high  dilutions,  most  actively 
bv  the  colon  serum.  Animal  inoculations  gave 
a  serum  which  actively  agglutinated  typhosus. 
These  apparently  contradictory  results  belong  to 
the  class  on  which  is  based  Roux's  theory  that 
the  colon  and  typhoid  bacilli  are  identical  species 
with  varying  and  interchangeable  physiological 
properties.  The  exact  characters  exhibited  by 
one  representative  of  the  paracolon  group  of  bac- 
teria, isolated  from  a  case  of  post-typhoidal  osteo- 
mvelitis,  have  been  very  minutely  studied  by 
Gushing. 

The  above  observations  indicate  clearly  the 
im]5ortance  of  recognizing  the  paracolon  or  Gaert- 
ner  group  of  intestinal  bacteria  as  rather  frequent 
excitants  of  diseases  which  may  be  clinically  in- 
distinguishable from  typhoid  fever.  They  serve 
to  explain  the  failures  of  Widal's  reaction  which 
are  constantlv  being  reported,  and  they  point  out 
the  necessity  for  testing  suspected  typhoid  serum 
both  on  genuine  typhosus  and  on  cultures  of  this 
paracolon  group  as  well. 

We  have  thus  far  shown  that  typhoid  fever  dif- 
fers from  diphtheria,  first,  in  being  a  septicemia 
rather  that  a  toxemia;  and,  second,  in  that  the 
bacterial  agent  in  the  disease,  not  to  mention  sec- 
ondary infections,  may  show  wide  variations  in 
its  biological  characters  and  in  the  quality  of  the 
agglutinating  substance  which  it  causes  to  be 
elaborated  in  the  system.  Moreover,  the  toxic 
products  of  bacillus  typhosus  differ  radically  in 
their  clinical  qualities  from  diphtheria  toxin, while 
their  relation  to  the  symptomatology  of  the  di- 
sease is  verv  uncertain.  Typhotoxin  differs  from 
diphtheria  toxalbumin  in  being  slowly  soluble  in 


water,  hence  resembling  globulin  rather  than 
serum  albumin.  It  differs  from  globulin,  more- 
over, in  being  very  slowly  soluble  in  NaCl.  Ac- 
cording to  Martin  it  does  not  possess  the  dig-es- 
tive  properties  of  diphtheria  toxin.  Typhotoxin 
kills  rabbits  and  guinea-pigs  very  slowly ;  diph- 
theria toxin  kills  them  very  rapidly  (Breiger, 
Frankel).  In  neither  animal  does  it  give  symp- 
toms of  lesions  similar  to  those  of  typhoid  fever, 
even  when  acting  energetically ;  yet  Remlinger 
produced  rather  typical  lesions  of  typhoid  fever  in 
rats  and  rabbits  by  feeding  them  on  cabbage- 
leaves  soaked  in  cultures  of  bacillus  typhosus. 
Peyer's  patches  were  swollen,  there  were  ulcers 
in  the  colon  and  the  spleen  and  lymph-nodes  were 
hyperplastic.  Recently,  Walker  induced  typical 
lesions  of  typhoid  fever  in  rabbits  by  combining 
succesive  inoculations  of  typhoid  cultures  with 
immune  horse  serum  and  serum  extract.  Sana- 
relli  grew  typhosus  in  broth  for  a  month  in  the 
thermostat,  then  for  eight  months  at  room  tem- 
perature, finally  killing  and  macerating  the  bodies 
of  the  bacilli  at  60°  C.  for  some  days;  1.5  c.c.  of 
this  extract  per  100  grams  of  guinea-pig  killed  in 
twenty-four  hours,  with  bloody  diarrhea  and  le- 
sions which  showed  a  very  slight  tendency  of  the 
toxin  to  pick  out  lymphatic  structures,  but  with 
no  specific  lesions  in  Peyer's  patches.  Martin 
found  the  filtrate  of  virulent  cultures  to  kill  ani- 
mals with  subnormal  temperatures,  but  with  no 
specific  lesions.  Bodies  of  the  bacilli  killed  by 
chloroform  were  much  more  toxic,  but  even  then 
did  not  specially  affect  Peyer's  patches.  Bacillus 
enteritidis  gave  somewhat  similar  results. 

^^"e  may  conclude,  therefore,  that  the  bodies 
of  typhoid  bacilli  contain  poisons  which  do  not 
diffuse  rapidlv  in  fluids  as  does  diphtheria  toxin 
and  which  are  incapable  of  producing  the  specific 
lesions  of  typhoid  fever.    Not  only  has  no  specific 


typliotoxin  been  isolated  from  test-tube  cultures 
of  bacillus  typhosus  or  from  the  cadavers  of  ty- 
phoid patients;  but  Chantemesse  and  Widal, 
Gruber  and  Durham,  and  many  others,  have 
shown  that  the  procedures  which  render  animals 
immune  to  infection  by  the  typhoid  bacillus  are 
incapable  of  protecting  them  against  infections  of 
the  products  and  macerated  bodies  of  these  bac- 
teria. 

The  problem  of  the  serumtherapy  of  the  disease 
is  therefore  the  preparation  of  a  serum  which  is 
principally  bactericidal  and  not  antitoxic  as  in 
diphtheria.  It  was  at  first  believed  that  the  ag- 
glutinating substance  represented  the  essential 
principle  in  preventive  sera  in  typhoid  fever,  but 
it  has  gradually  become  clear  that,  while  the  ag- 
glutinins are  usually  abundant  in  strongly  pro- 
tective sera,  such  active  sera  may  exhibit  very 
little  agglutinating  power.  Pfeiffer  has  shown 
that  cholera  serum  may  lose  almost  all  its  agglu- 
tinating properties  while  retaining  a  high  degree 
of  protective  power.  Deutsch,  among  others,  has 
made  very  careful  observations  on  the  develop- 
ment of  agglutinins  and  of  protective  substances 
in  the  blood  of  inoculated  animals,  finding  that 
the  two  cun^es  are  generally  but  not  always  par- 
allel, and  never  superposable.  He  concluded  that 
all  strongly  agglutinating  sera  are  also  strongly 
protective,  but  that  highly  protective  sera  may 
contain  little  agglutinin. 

Although  immune  serum  usually  contains  both 
bodies  at  the  same  time  and  loses  both  in  about 
equal  proportions  when  heated  or  inoculated  with 
typhoid  germs  (Gruber  and  Trumpp),  by  a  com- 
parison of  the  agglutinating  powers  of  many  sera, 
Pfeiffer  and  Kolle,  Frankel  and  Otto,  and 
Deutsch  have  concluded  that  these  properties 
have  no  necessary  relation  to  each  other,  and  cer- 
tainlv  do  not  reside  in  identical  substances.   Their 


•conclusion  accords  with  the  fact  that  the  highly 
protective  diphtheria  and  tetanus  sera  are  not  ag- 
giutinative,  while  the  agglutinating  typhoid  and 
cholera  sera  cannot  be  made  to  show  highly  pro- 
tective qualities. 

Again,  several  studies  have  shown  that  agglu- 
tination depends  to  a  large  extent  upon  the  char- 
acters and  condition  of  the  bacteria  themselves 
and  is  cwily  partly  determined  by  the  quality 
of  serum  with  which  they  are  treated.  John- 
son found  that  actively  growing  cultures 
of  typhosus  often  tend  to  agglutinate  spon- 
taneously, while  slowly  growing  attenuated 
cultures  do  not.  Durham  found  that  of 
sixteen  different  vibrios  the  less  virulent  races 
were  much  more  susceptible  to  agglutinins  pro- 
duced by  virulent  cultures  than  were  those  viru- 
lent races  themselves.  Walker's  observations 
seem  to  show  conclusively  that  typhoid  cultures 
showing  greater  tendency  to  spontaneous  agglu- 
tination and  agglutinating  more  strongly  in  im- 
mune serum  are  the  less  virulent  cultures.  The 
most  that  can  be  claimed  is  that  the  agglutination 
is  not  the  essential  feature  of  protective  serum, 
that  agglutination  depends  very  often  upon  spe- 
cial tendencies  of  the  bacterial  species  rather  than 
upon  the  presence  of  much  bactericidal  substance 
in  the  serum,  but  that  agglutinative  power  is, 
however,  in  the  majority  of  cases,  a  fairly  relia- 
ble index  of  the  protective  power  of  a  serum. 

Serumtherapy  in  typhoid  fever  therefore  de- 
mands the  preparation  of  a  principle  which  is  not 
largely  antitoxic,  which  indeed  is  not  to  be  meas- 
ured by  its  agglutinative  powers,  but  one  which 
responds  to  the  far  more  critical  test  of  protec- 
tion by  a  mechanism  which  has  thus  far  largely 
escaped  recognition.  This  means  probably  that 
it  must  be  both  antitoxic  and  bactericidal.  The 
evidence   that  both  these  properties  are  demanded 


may  be  gathered  from  the  results,  on  the  one 
hand,  of  Brieger,  Kitasato,  Wassermann,  Beu- 
mer,  Peiper,  Sirotinin,  Bitter,  and  Bruschetini, 
all  of  whom  prepared  protective  sera  which  were 
more  or  less  antitoxic,  and,  on  the  other  hand,  of 
Pfeiffer  and  Kolle,  Funk  and  Bockenham,  and 
Sanarelli,  whose  actively  protective  sera  were 
slightly  or  not  at  all  antitoxic. 

We  may  now  consider  briefly  what  steps  have 
been  taken  with  or  without  regard  to  the  forego- 
ing principles  and  what  success  has  been  achieved 
in  the  preparation  of  a  protective  serum  for  ty- 
phoid fever  in  the  human  subject.  Bockenham 
inoculated  horses,  first  with  the  filtrate  of  typhoid 
cultures,  then  with  the  killed  cultures,  and  then 
with  both  alternately,  thus  securing  a  serum  of 
considerable  bactericidal  power  and  with  active 
protective  and  curative  powers  in  animals.  Pope 
and  Cowen  tested  this  serum  on  the  human  sub- 
ject in  a  few  cases  with  results  which  seemed  to 
them  more  favorable  than  those  secured  by  any 
other  plan  of  treatment  of  the  disease.  Immediate 
improvement  followed  each  injection  and  the 
course  of  the  fever  appeared  to  be  distinctly  short- 
ended.  Bockenham's  serum  was  prepared,  how- 
ever, without  special  regard  to  some  theoretical 
requirements.  The  first  of  the  theoretical  difficul- 
ties was  recognized  by  the  endeavor  to  produce  a 
polyvalent  serum,  i.e.,  one  that  would  protect 
against  a  considerable  variety  of  races,  each  with 
special  characters,  which,  as  has  been  shown,  may 
be  concerned  in  the  disease.  Each  of  these  races 
seems  to  require  an  extremely  specialized  bac- 
tericidal agent  and  some  may  be  little  affected  by 
a  serum  which  rapidly  destroys  other  races  of 
bacillus  typhosus.  This  difficulty  was  foreshad- 
owed by  the  conflicting  results  of  Widal's  test,  the 
serum  of  some  convalescent  patients  failing  en- 
tirely to  agglutinate  particular  cultures  of  typho- 
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sus,  at  least  partly  because  the  serum  did  not  con- 
tain the  special  agglutinin  for  that  culture,  al- 
though probably  quite  capable  of  agglutinating  a 
bacillus  which  came  from  the  patient's  own 
intestinal  tract. 

This  idea  of  the  necessity  of  a  polyvalent  serum 
was  first  suggested  by  Bockenham  in  connection 
with  th^  manufacture  of  antistreptococcus  sera. 
The  idea  was  followed  up  systematically  by  Tavel 
and  Walker,  who  inoculated  horses  for  a  period 
of  from  one  to  three  years  with  several  species  of 
bacillus  typhosus,  finding  that  the  specialism  in 
the  immunizing  bodies  required  to  protect  is  very 
marked  and  that  greater  specialism  is  demanded 
as  the  protective  qualities  increase.  These  results 
probably  indicate  the  real  difficulty  in  the  prepa- 
tion  of  practically  effective  sera  for  the  human 
subject.  x\lthough  Walker  secured  enormous  ag- 
glutinative powers  in  his  horses  (1-2,500,000), 
this  power  was  exhibited  only  against  the  particu- 
lar culture  longest  employed  in  the  inoculations. 
Against  other  cultures  its  agglutinative  qualities 
were  far  less  and  proportional  to  the  length  of 
treatment  by  each  culture.  Tavel  tested  serum 
drawn  after  one  year's  treatment  of  horses,  on 
typhoid  patients,  finding  that  it  abolished  the 
plateau  stage  of  pyrexia,  the  fever  falling  by 
lysis  and  the  patients  making  rapid  recovery. 
Other  cases  treated  by  two-year  serum  are  soon 
to  be  reported,  and  three-year  polyvalent  serum 
is  now  being  tested  (Walker). 

A  second  practical  step  in  advance  followed  the 
recognition  that  the  protective  substances  are  not 
equally  distributed  in  the  body.  Johnson  and 
McTaggert  found  that  the  whole  blood  possesses 
more  agglutinins  than  the  serum.  Wasser- 
mann  (1899)  tested  the  protective  qualities 
of  extracts  of  the  different  organs  and  con- 
cluded that  the  typhoid  antibodies  are  produced  in 
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the  spleen ;  but  almost  at  the  same  time  Roth's 
studies  in  a  similar  line  led  to  negative  conclu- 
sions. Jatta's  studies  indicated  that  within  from 
two  to  three  days  after  inoculation  the  agglutinins 
of  the  spleen  exceed  those  of  the  blood  serum,  but 
later  the  serum  is  always  the  stronger.  He  did 
not  test  the  protective  qualities  of  the  spleen  and 
his  results  were  amplified  by  Castel^ni,  who 
found  that  while  the  serum  contains  more  agglu- 
tinins the  spleen  has  more  protective  bodies. 

Deutsch  took  up  the  matter  in  a  systematic  and 
exhaustive  manner.  He  found  that  tlie  spleen 
and  marrow  usually  show  greater  bactericidal 
power  than  the  blood  serum,  which  he  attributed 
to  the  abundance  of  leucocytes  in  these  organs. 
Yet  in  splenectomized  animals  bactericidal  prop- 
erties developed  as  in  the  normal  animals,  indi- 
cating that  the  function  of  the  spleen  may  be  fully 
assumed  by  other  tissues.  Bactericidal  substances 
made  their  appearance  on  the  fourth  or  fifth  day 
of  infection,  simultaneously  with  the  disappear- 
ance of  leucocytes  from  the  peritoneum,  the  site 
of  inoculation.  Removal  of  the  spleen  on  the 
third  day  greatly  reduced  the  animals'  chances  of 
recovery  apparently  through  the  removal  of 
already  formed  bactericidal  substances.  The 
lymphatic  organs  contained  less  agglutinin  than 
the  serum.  Agglutinins  developed  perfectly  in 
splenectomized  animals,  but  splenectomy  on  the 
third  to  fifth  day  of  infection  sometimes  pre- 
vented their  formation.  He  found  marked  dis- 
cordance between  the  bactericidal  and  agglutinat- 
ing properties  of  the  spleen,  and  hence  concluded 
that  these  properties  reside  in  different  sub- 
stances. Deutsch  made  the  interesting  discovery 
that  lung  tissue  in  the  early  stages  of  infection 
has  from  ten  to  twenty  times  as  powerful  agglu- 
tinating action  as  the  serum.  Later,  the  differ- 
ence was  not  so  great.     Normal  lung  was  also 
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found  to  be  from  ten  to  twenty  times  as  active  as 
normal  serum  of  guinea-pigs. 

These  researches  of  Wassermann  and  Deutsch 
represent  the  acme  of  progress  in  the  investiga- 
tion of  immunity  in  typhoid  fever,  and  they  cul- 
minate, as  have  many  previous  studies,  with 
strong  indications  that  immunizing  bodies  are  the 
product  chiefly  of  the  colorless  blood  and  lymph- 
cells.  Daubler's  partly  contrary  results  in  this 
field,  however,  here  deserve  mention,  since  this 
investigator  found  that  during  the  process  of  im- 
munization against  typhoid  infection  the  leuco- 
cytes and  purulent  exudates  do  not  increase  in 
bactericidal  properties,  but  remain  the  same 
throughout. 

The  above  results  have  to  some  extent  received 
a  (Tactical  test  on  the  human  subject  in  the  at- 
tempt of  Jez  to  influence  typhoid  fever  by  injec- 
tions of  visceral  extracts  from  infected  animals. 
Proceeding  from  the  principle  that  the  normal 
central  nervous  tissue  possesses  both  preventive 
and  curative  properties  in  tetanus,  Jez  tried  ex- 
tracts in  glycerin,  alcohol,  salt,  broth,  and  water, 
of  the  liver,  spleen,  lymph-nodes,  thymus,  mar- 
row, brain  and  cord,  of  healthy  rabbits,  adminis- 
tering them  subcutaneously  and  by  mouth,  but 
without  effect  on  typhoid  infection  of  rabbits. 
He  then  inoculated  rabbits  with  lo  c.c.  of  typhoid 
culture,  the  animals  dying  on  the  fourth  cTav.  Ex- 
tracts in  alcohol  and  water  of  the  thymus,  spleen, 
marrow,  brain,  and  cord  proved  actively  pre- 
ventive, when  lo  c.c.  were  injected  with  lo  c.c.  of 
culture.  An  extract  of  the  above  tissue  made  with 
alcohol,  water,  salt,  and  glycerin,  to  which  a  trace 
of  carbolic  acid  and  pepsin  was  added  ( details 
not  given),  had  no  bactericidal  action  in  the  test- 
tube  and  gave  no  Widal  reaction  ;  but  when  given 
hvpodermically  is  said  to  have  had  a  surprising 
effect  upon  the  course  of  typhoid  fever  in  eigh- 
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teen  cases  on  which  it  was  tried.  The  fever  was 
reduced,  pulse  improved,  sweats  induced,  and  the 
general  nervous  condition  much  improved. 
Glucksmann  failed,  however,  to  obtain  any  cura- 
tive action  from  Jez's  extract  on  typhoid  infection 
in  rabbits,  and  Walker,  replacing  Jez's  extractive 
solution  with  curative  horse  serum,  failed  to  find 
any  greater  curative  powers  than  were  obtained 
from  horse-serum  alone.  Jez's  results  lack,  per- 
haps, the  scientific  certification  of  the  work  of 
Tavel  and  Walker,  but  represent  a  line  of  work 
in  the  right  direction. 

Another  independent  line  of  investigation  has 
been  caried  on  by  Chantemesse  in  Paris,  from 
which  especially  successful  results  have  been  ex- 
pected, inasmuch  as  this  investigator  claimed,  in 
1898,  to  have  devised  a  method  capable  of  fur- 
nishing extremely  active  and  specific  typhotoxin. 
Chantemesse  cultivated  the  bacillus  upon  the  fil- 
trate of  an  emulsion  of  splenic  tissue  digested 
with  pepsin,  carefully  avoiding  access  of  air  dur- 
ing the  manipulations.  The  fluid  thus  secured 
was  found  to  be  extremely  toxic,  especially  for 
horses,  but  on  exposure  to  air  rapidly  lost  its 
poisonous  properties.  Horses  were  very  sus- 
ceptible to  minute  doses  for  at  least  one  year,  af- 
ter which  they  developed  increasing  immunity  and 
their  blood  serum  became  strongly  bactericidal 
and  both  curative  and  preventive  for  animals. 
The  results  of  the  treatment  of  100  cases  of  ty- 
phoid fever  with  Chantemesse's  serum  have  re- 
cently been  reported.  The  total  mortality  was 
6  oer  cent.,  which  is  not  better  than  the  results 
obtained  in  many  such  series  of  cases  treated  by 
ordinary  methods.  Yet  two  patients  began  treat- 
ment on  the  twenty-first  and  twenty-fifth  days 
when  already  suffering  from  pneumonia  with  a 
pulse-rate  of  140.  A  third  case  was  that  of  a  very 
fat  woman  who  could    not   be    bathed :  she  died 


of  a  large  bedsore  present  on  admission.  Three 
of  the  patients  died  of  perforation,  against 
which  the  treatment  seemed  of  little  avail.  On  the 
other  hand,  all  patients  treated  before  the  tenth 
day  recovered.  The  serum  usually  caused  a  rapid 
and  steady  defervescence.  Or  the  temperature 
rose  again,  the  relapse  being  more  severe  than 
the  original  fever,  but  a  second  injection  caused 
a  rapid  lysis  of  fever.  The  injection  of  the  serum 
invariably  caused  a  pronounced  improvement  in 
the  general  symptoms,  as  attested  by  all  the 
clinicians  who  observed  the  course  of  Chante- 
messe's  treatment  in  the  Paris  hospitals. 

It  remains  for  investigators  who  possess  ex- 
perience and  extensive  equipment  to  combine 
and  extend  the  results  already  obtained  in  the 
two  aforementioned  fields  and  to  determine  what 
success  can  be  secured  in  the  treatment  of  typhoid 
fever  by  injections  of  serum  and  visceral  extracts 
from  animals  which  have  been  treated  with  a  view 
to  producing  polyvalent  immunizing  bodies.  It 
would  appear  that  the  outlook  in  this  field  is 
fairly  indicative  of  success,  if  not  in  the  prepara- 
tion of  a  curative  serum  for  typhoid  fever,  then 
at  least  in  essential  progress  in  the  knowledge  of 
artificial  immunization  both  in  this  disease  and  in 
other  infections  which  have  heretofore  baffled  all 
attempts  at  serumtherapy. 
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PRELIMINARY  REPORT  ON  A  STUDY  OF  SMALLPOX. 


By  JAMES  EWING,  M.D., 

OF  NEW  YORK  CITY. 


During  the  past  year  I  have  studied  from  autopsies  at  North  Brother 
Island,  New  Y^ork  City,  twenty-nine  cases  of  smallpox.  Access  to 
this  material  was  obtained  through  the  kindness  of  Dr.  H.  M.  Biggs, 
Dr.  W.  H.  Park,  and  Commissioner  Cosby,  of  the  New  Y'ork  Depart- 
ment of  Health,  and  to  these  gentlemen  I  desire  to  express  my  great 
obligation,  as  well  as  to  Drs.  Ray  and  Berry,  resident  physicians  at 
the  Island. 

The  general  plan  followed  in  undertaking  the  study  of  a  disease 
with  which  I  was  entirely  unfamiliar  was  the  following : 

1.  The  pathologic  anatomy. 

2.  The  histology. 

3.  The  routine  bacteriologic  study  of  the  heart's  blood  and  cutaneous 
lesions  by  ordinary  methods. 

4.  The  same  field  treated  by  special  methods  of  bacteriologic  study. 

5.  Experimental  variola. 

In  the  first  three  of  these  departments  the  work  has  been  nearly 
completed,  while  in  the  last  two  only  a  beginning  has  been  made. 

I.  Pathologic  anatomy. 

TJie  Cutaneous  Lesions.  One  may  divide  these  lesions  into  the 
following  classes : 

1.  Primary  hemorrhagic  smallpox^  fatal  on  the  second  and  third 
days,  before  the  development  of  general  discrete  variolous  lesions,  and 
marked  by  diffuse  hemorrhages  into  the  skin  and  mucous  membranes. 
This  is  the  most  severe  type  of  the  disease,  and  its  violence  is  most 
appalling.     The  series  include  three  such  cases. 

2.  Secondary  hemorrhagic  smallpox.     (Eight  cases.) 

Here  the  usual  variolous  lesion  is  early  complicated  by  hemorrhages 
into  the  skin  and  mucous  membranes,  and  sometimes  these  hemor- 
rhages are  so  early  and  diffuse  as  to  constitute  a  transitional  variety 
between  pinmary  and  secondary  hemoiThagic  smallpox. 

In  addition  to  the  usual  type  of  this  variety,  in  which  the  hemor- 
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rhages  occur  early  in  the  disease,  one  hemorrhagic  case  was  encount- 
ered in  a  "bleeder,"  in  which  the  early  pustules  became  filled  with 
blood,  and  a  general  punctate  hemorrhagic  eruption  appeared  on  the 
sixth  day.  Also  on  the  ninth  day  of  another  case  the  usual  well- 
filled  pustules  suddenly  became  the  seat  of  a  distinctly  secondary 
iiemorrhage,  producing  a  true  "  black  smallpox." 

3.  Confluent  or  conglomerate  smallpox.     (Nine  cases.) 

This  is  the  most  common  type  of  the  disease,  and  is  often  fatal. 

4.  Discrete  smallpox.     (Seven  cases.) 

This  type  of  the  disease  is  usually  benign,  but  a  good  many  cases 
(lie  from  complications. 

5.  In  a  newborn  infant  dying  at  fourteen  days  the  eruption  con- 
sisted of  about  a  dozen  large  blebs  scattered  over  the  trunk. 

Two  interesting  variations  of  the  usual  cutaneous  lesions  were 
observed.  AVhile  various  stages  of  the  eruption  are  often  to  be  found 
in  the  same  cadavers,  in  one  case  were  exhibited  two  distinct  crops,  one 
consisting  of  large  hemorrhagic  pustules,  the  other  appearing  several 
days  later  as  very  numerous  small  vesicles.  In  another  case  a  scanty 
discrete  scabbing  lesion  was  complicated  in  convalescence  by  a  diffuse 
scarlatina-form  eruption.  Possibly  this  was  scarlatina  grafted  on 
variola,  but  no  further  cases  developed  in  this  children's  ward,  and 
in  another  such  case  there  was  in  due  time  a  typical  scarlatinal 
desquamation. 

Respiratory  Mucous  Membranes.  I  examined  the  upper  nares  in  a 
few  cases,  but  was  disappointed  in  the  extent  of  the  process  found, 
which  was  distinctly  less  than  in  the  pharynx,  although  variolous 
ulcers  and  diphtheritic  membrane  were  encountered.  The  posterior 
nares,  fauces,  and  pharynx  usually  showed  a  profuse  eruption  ulcer- 
ating early  and  frequently  becoming  diffuse  and  diphtheritic. 

The  trachea  usually  presented  the  most  severe  lesion  in  the 
cadaver.  In  eighteen,  or  practically  all  of  the  acute  cases,  there  was 
a  diffuse  diphtheritic  lesion  extending  from  the  epiglottis  to  the  finest 
bronchioles.  In  the  primary  hemorrhagic  cases  there  was  difl'use 
hemorrhage  and  very  superficial  difi'use  necrosis.  If  not  fatal,  this 
lesion,  or  a  milder  one,  is  succeeded  or  replaced  by  a  catarrhal  or 
purulent  bronchitis,  as  found  in  five  cases  dying  late  in  the  disease. 
In  three  cases  with  mild  discrete  cutaneous  lesions  the  trachea  showed 
discrete  pustules.  In  one  remarkable  case  the  trachea  exhibited  very 
numerous  early  lesions  of  pure  conglomerate  variola.  Twice  the 
respiratory  mucosa  showed  a  severe  and  active  process  when  the  lesion 
in  the  skin  was  scanty  and  nearly  healed.    One  diphtheritic  case  failed 
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to  survive  tracheotomy  on  account  of  extensive  edema  of  the  trachea 
and  neck  compressing  the  air  pasanges. 

The  conclusion  was  reached  that  the  lesion  of  the  respiratory 
raucous  membrane  is,  as  a  rule,  earlier  than  that  of  the  skin,  and  far 
more  important  in  causing  death. 

Lungs.  Seven  cases  failed  to  show  any  consolidation  in  the  lungs. 
They  died  late  in  the  disease,  without  much  involvement  of  the 
trachea.  Two  cases  showed  a  late  lobar  pneumonia.  All  the  others 
exhibited  some  grade  of  lobular  pneumonia,  which  was  usually  the 
chief  immediate  cause  of  death.  The  intensely  black,  congested, 
edematous  lungs  of  the  hemorrhagic  type  of  the  disease  are  practi- 
cally pathognomonic.     A  fibrinous  pleurisy  was  occasionally  seen. 

Heart.  Three  cases  showed  acute  ulcerative  endocarditis.  One 
developed  this  lesion  from  the  first,  and  died  on  the  eighth  day.  One 
developed  the  lesion  as  the  skin  was  healing,  and  one  was  convalescing 
and  out  of  bed  before  the  cardiac  symptoms  were  detected. 

Liver.  Various  grades,  usually  marked,  of  acute  degeneration  were 
regularly  noted. 

Kidneys.  Acute  degeneration  was  the  usual  lesion.  Once  acute 
exudative  and  productive  nephritis  was  found.  In  three  primary 
hemorrhagic  cases  there  were  some  minute  hemorrhages  throughout 
the  organ.  In  the  pelvic  epithelium  I  found  no  specific  variolous 
lesions,  but  failed  to  look  for  them  with  unusual  care.  In  the  pri- 
mary hemorrhagic  cases  the  pelvis  showed  diffuse  hemorrhagic  and 
diphtheritic  inflammation.     The  urine  in  these  cases  was  very  bloody. 

Aside  from  petechia;  I  found  no  lesions  in  the  bladder. 

The  Gastrointestinal  Tract.  Several  cases  showed  numerous 
variolous  ulcers  of  the  epithelium  of  the  esophagus.  In  the  primary 
hemorrhagic  cases  there  was  more  or  less  diffuse  diphtheritic  process 
in  the  esophagus.  In  five  cases  there  were  numerous  minute  vario- 
lous ulcers  in  the  stomach,  and  once  there  were  large  areas  of  diph- 
theritic necrosis.  Petechije  were  common.  In  one  confluent  hemor- 
rhagic case  there  was  marked  hemorrhage  from  the  intestines  and  a 
diphtheritic  enterocolitis,  affecting  the  entire  colon  and  lower  ileum. 
In  the  primary  hemorrhagic  cases  the  stomach  and  entire  colon,  but 
not  the  small  intestine,  showed  diff'use  infiltration  of  the  mucosa  with 
disintegrating  blood. 

Lymphatic  System.  Extreme  congestion  and  swelling  of  the  nodes 
was  a  constant  gross  sign.  The  swelling  of  the  mesenteric  and  gastro- 
intestinal lymphatic  structures  was  very  marked  and  in  proportion  to 
the  intensity  of  the  disease.     The  spleen  was  large,  firm  in  the  early 


stages,  drained  of  lymphocytes  and  flabby  in  the  late  stages,  sonic- 
times  exhibited  hemorrhages  and  focal  necroses,  and  often  a  peculiar 
mottled  condition  which  I  have  not  encountered  in  other  diseases. 

The  marrow  showed  the  same  variations  in  its  cellular  contents, 
and  was  more  often  the  seat  of  hemorrhages. 

Testis.  I  found  three  cases  of  acute  necrotic  inflammation  of  the 
testis,  and  it  may  have  been  more  common,  as  the  testes  were  not 
always  examined  even  in  the  gross.  In  one  confluent  case  the  urethral 
epithelium  was  untouched.  In  seven  females  I  found  no  specific 
lesions  in  the  uterus  or  vagina. 

Eye.  There  were  conjunctival  and  bulbar  hemorrhages  in  the 
primary  hemorrhagic  cases.  No  variolous  lesions  were  to  be  seen 
in  the  conjunctival  epithelium.  In  some  cases  they  might  have 
escaped  observation. 

The  middle  ear  looked  normal  in  two  cases. 

Brain.  The  brain  and  meninges  were  congested  and  edematous 
when  examined,  but  were  not  touched  in  the  primary  hemorrhagic 
cases. 

II.  Histology.  The  histologic  examination  of  the  tissues  in  these 
cases  has  led  to  the  conclusion,  stated  by  Weigert  many  years  ago,  that 
the  first  effect  of  the  variolous  process  in  ordinai'y  intensity  is  coagula- 
tion necrosis,  followed  by  liquefaction  and  exudative  phenomena.  In 
the  epithelial  tissues  the  lesion  shows  a  marked  focal  character,  often 
becoming  diffuse.  In  some  other  tissues,  especially  in  the  spleen, 
marrow,  and  testicle,  the  lesions  are  apt  to  be  focal.  In  the  lungs 
the  focal  lesions  develop  by  extension  down  the  air  passages.  In  other 
tissues  the  lesions  are  those  of  a  diffusible  toxin.  The  hydropic 
changes  so  prominent  in  the  cutaneous  vesicle  seem  to  be  secondary 
to  coagulation  necrosis,  and  to  result  from  exudation  into  the  necrotic 
area.  This  conclusion  is  not  in  accord  with  my  preconceived  notion 
that  the  virus  of  smallpox  must  be  one  which  primarily  liquefies  tissues. 

Another  prominent  histologic  character  is  the  extreme  congestion 
attending  the  local  process.  I  have  never  seen  anything  else  approach- 
ing the  remarkable  distention  of  all  the  vessels  of  the  respiratory  sub- 
mucosa  of  an  ordinary  case  of  smallpox.  This  same  congestion  about 
cutaneous  lesions  causes  the  frequent  hemorrhagic  character  of  the 
eruption.  In  the  primary  hemorrhagic  cases  all  the  cutaneous  and 
raucous  surfaces  are  literally  drenched  with  blood. 

A  third  main  histologic  character  is  the  exclusive  preference  of 
the  lesion  for  epithelial  tissues,  which  seems  to  indicate  that  the  virus 
requires  epithelial  albumin  for  its  propagation. 
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Only  the  blatkler  and  small  intestine,  possibly  also  the  uterus  and 
vagina,  seem  to  escape  involvement.  On  the  other  hand,  the  paren- 
chyma of  organs,  as  the  spleen  and  the  testicle,  may  show  a  somewhat 
specific  localized  process. 

The  Blood.  The  blood  was  examined  in  twelve  cases,  with  results 
similar  to  those  reported  in  the  recent  elaborate  study  of  Courmont 
and  Montagard  [Journ.  de  Phys.  et  de  Path,  gen.,  1900,  pp.  557, 
781).  The  presence  of  from  30  to  50  per  cent,  of  large  and  medium 
sized  mononuclear  cells  and  some  myelocytes,  with  distinct  leuko- 
cytosis and  active  fever,  is  a  rather  pathognomonic  sign  of  the  disease. 
It  is  worth  while  pointing  out  that  the  high  proportion  of  mononuclear 
cells  is  frequent  at  a  period  when  the  cutaneous  exudate  is  highly 
purulent  and  when  the  pustules  commonly  yield  cultures  of  strepto- 
coccus pyogenes. 

In  the  primary  hemorrhagic  cases  there  is  during  life  beginning 
dissolution  of  the  red  cells,  with  hemoglobinemia,  and  after  death  the 
dissolution  continues,  so  that  in  sections  of  tissues  there  may  be 
abundant  deposits  of  pigment  similar  to  those  seen  in  puerperal 
septicemia  of  streptococcus  origin. 

I  had  hoped  that  the  examination  of  both  the  blood  and  tissues  by 
Nocht's  method,  which  seems  especially  adapted  to  the  demonstration 
of  protozoa,  might  yield  some  interesting  information.  The  results 
obtained  by  a  laborious  study  of  all  the  cases  by  this  method  were 
entirely  negative,  as  I  found  no  traces  of  protozoa. 

III.  Bacteriologic.  The  plan  of  the  study  included  the  bacteriologic 
examination  of  the  heart's  blood  and  cutaneous  lesions :  first,  by  the 
ordinary  methods,  and,  later,  by  any  special  methods  which  the 
previous  study  might  suggest. 

a.  Systematic  examination  of  smears  of  the  cutaneous  lesions  in  all 
stages,  stained  by  various  methods,  led  to  the  following  conclusions  : 

1.  Vaccine  bodies  are  present  in  all  stages  of  the  specific  lesions, 
and  their  numbers  are  proportional  to  the  hemorrhagic  character  of 
the  lesion. 

2.  Streptococci  are  present  in  all  the  specific  lesions  at  a  very  early 
stage,  frequently  in  enormous  numbers,  but  very  often  scantily,  and 
sometimes  cannot  be  detected  in  the  smears  of  vesicles  and  even  of 
pustules. 

3.  The  next  most  common  bacterial  form  encountered  in  smears  is 
a  fine  bacillus  resembling  in  general  a  minute  Klebs-Loefiler.  It  cor- 
responds to  the  bacillus  described  by  Klein  and  Nakanishi  in  vaccine. 
It  is  discussed  later. 
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4.  Smears  of  variolous  lesions  always  contain  a  great  variety  of 
minute  bodies  resembling  bacteria,  cocci,  or  bacilli,  which  cannot  be 
positively  identified  as  bacteria,  but  which  open  up  wide  possibilities 
for  the  demonstration  of  a  bacterial  origin  of  the  disease. 

h.  Cultures  upon  blood  serum  and  other  media  were  made  in  all  cases 
from  the  heart's  blood,  and  usually  from  several  vesicles  in  the  skin. 

A  streptococcus  was  obtained  from  the  heart's  blood  in  all  of  the 
twenty-nine  cases.  Twice  it  was  associated  with  Klebs-Loeffler  in 
cases  showing  diffuse  diphtheria  of  the  pharynx  and  larynx,  and  in 
two  cases,  both  dying  late  in  the  disease,  with  much  ulceration  of  the 
skin,  staphylococcus  aureus  also  grew. 

The  abundance  of  the  growth  of  streptococcus  in  the  heart's  blood 
was  directly  proportional  to  the  severity  of  the  disease,  and  was  also 
influenced  to  a  less  extent  by  the  time  intervening  between  death  and 
the  postmortem. 

It  was  least  abundant  in  cultures  taken  after  death  in  cases  dying 
in  the  early  stages  of  the  eruption,  and  in  such  cases,  to  ensure  a 
successful  culture,  at  least  A  to  1  c.c.  of  blood  should  be  planted. 

After  death  it  multiplies  rapidly  in  the  body.  In  hemorrhagic 
cases  it  is  more  abundant,  and  in  three  primary  hemorrhagic  cases  a 
score  of  chains  of  streptococci  were  found  in  each  oil-immersion  field 
of  the  thinly  spread  heart's  blood  four  to  six  hours  after  death,  while 
the  cultures  were  extremely  profuse.  It  was  also  very  abundant  in 
the  blood  smears  of  a  newborn  infant  dying  on  the  fourteenth  day, 
with  very  scanty  bullous  eruption. 

I  made  five  examinations  of  10  c.c.  of  blood  taken  from  the  basilic 
vein  during  life.  They  were  all  sterile.  Arnaud  {Rev.  de  Mid., 
1900,  p.  303),  however,  found  streptococci  in  the  circulating  blood 
in  two  primary  hemorrhagic  cases.  Only  one  of  my  five  cases  died, 
and  it  was  not  of  the  primary  hemorrhagic  type. 

Cultures  of  the  skin  were  made  in  twenty-three  cases.  The  skin 
was  first  pencilled  with  5  per  cent,  formalin  for  two  minutes,  then 
in  sterile  water,  and  the  cover  of  the  vesicle  removed  with  sterile 
instruments.  A  platinum  needle  was  then  touched  to  the  base  of  the 
lesion  and  the  material  transferred  to  blood  serum,  etc. 

In  seventeen  cases  streptococci  grew  alone,  once  with  staphylo- 
coccus aureus,  once  with  a  fine  bacillus  (Bac.  19),  once  staphylococcus 
aureus  only  was  obtained,  and  three  cases  gave  no  growth.  In  one 
of  the  sterile  cases  streptococci  were  afterward  found  in  sections  of  the 
skin.  In  several  cases  other  bacteria  grew  in  isolated  colonies,  which 
were  set  aside  as  contaminations. 
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Seeing  that  the  streptococcus  was  found  by  this  crude  technic  in 
nearly  90  per  cent,  of  the  cases,  I  feel  justified  in  concluding  that  it  is 
invariably  present  in  the  cutaneous  lesions  as  well  as  in  the  heart's 
blood.  If  the  skin  be  allowed  to  remain  at  room  temperature  for 
twenty-four  hours  I  believe  the  streptococcus  can  always  be  isolated 
from  it  by  culture,  which,  of  course,  would  not  prove  it  present  there 
during  life. 

The  streptococcus  showed  many  peculiarities,  all  of  which  may 
characterize  this  micro-organism  as  obtained  from  other  sources.  It 
grew  best  on  blood  serum,  feebly  or  luxuriantly  ;  it  sometimes  clouded 
the  broth  in  initial,  but  never  in  subcultures ;  its  chains  were  very 
short,  except  in  ascitic  broth,  in  which  the  chains  were  very  long. 
The  individuals  varied  from  an  extremely  minute  size  to  3  to  4  ;/  in 
diameter.  It  sometimes  grew  in  bacillary  form,  as  described  by 
Hektoen,  from  diphtheria,  and  sometimes  it  split  lengthwise  instead 
of  sidewise.  Under  the  skin  of  mice  it  once  killed  in  four  hours. 
When  rubbed  into  the  shaved  ear  of  a  rabbit  it  killed  in  forty-eight 
hours  with  general  septicemia.  Sometimes  it  was  less  virulent  for 
rabbits. 

Inoculations.  Material  from  smallpox  pustules  was  inoculated  into 
rabbits,  into  the  conjunctiva,  skin,  and  veins;  into  guinea-pigs  by  the 
same  routes ;  into  rats  subcutaneously,  and  into  two  monkeys  by 
vaccination.  The  monkeys — one  a  rhoesus  and  the  other  a  large 
African  black-faced  fellow — both  yielded  a  rather  typical  form  of 
inoculated  variola  with  discrete  pustules,  the  scab  dropping  after  two 
weeks.     All  other  experiments  were  negative. 

The  streptococcus  was  inoculated  repeatedly  into  rabbits,  pigs,  rats, 
one  calf,  and  two  monkeys.  It  sometimes  killed  the  small  animals, 
but  never  produced  anything  like  variolous  lesions  in  any  of  them. 

Bacillus  19  was  a  minute  bacillus  obtained  from  the  skin  of  Case 
19,  and  once  later  from  the  heart's  blood.  It  sometimes  exhibited  cross 
striations  like  a  minute  KlebsLoeffler.  After  remaining  inoculated  in 
a  calf  two  weeks  it  appeared  in  smears  of  pus  as  a  minute  coccus,  but 
regained  its  bacillary  form  on  first  cultivation.  It  grew  as  an  almost 
transparent  film  on  agar  and  blood  serum,  and  its  chief  character  was 
the  active  fluidification  of  blood  serum  and  gelatin.  It  reminded  one 
so  strongly  of  the  bacillus  isolated  by  Martin  from  vaccine,  and  claimed 
by  him  to  be  the  specific  contagium  of  cowpox,  that  I  gave  it  consider- 
able attention. 

It  killed  a  rabbit  in  forty-eight  hours  with  septicemia  when  rubbed 
into  a  scarified  area  of  the  skin.     A  calf  kindly  placed  at  my  dis- 
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posal  by  Dr.  Park  was  vaccinated,  with  a  negative  result.  It  was  then 
injected  beneath  the  skin  of  this  calf,  producing  an  abscess  containing 
the  germ  as  a  coccus,  pure;  and  the  first  attempt  to  produce  vaccinia 
in  this  calf  failed,  but  a  second  extensive  vaccination  gave  a  "  dry 
take."  On  three  monkeys  it  had  no  effect  whatever.  Smallpox 
blood  serum  agglutinated  the  bacillus  but  feebly.  This  bacillus  was 
finally  inoculated,  together  with  streptococcus,  in  a  calf  and  a  monkey, 
always  without  specific  lesion. 

From  vaccine  and  from  the  skin  of  a  case  of  variola  I  obtained 
Nakanishi's  bac.  variabilis,  which  gave  negative  results  when  vac- 
cinated on  calves,  monkeys,  and  small  animals. 

Lastly,  I  have  inoculated  the  streptococcus  with  the  macerated 
skin  of  smallpox  sterilized  by  heating  to  75°  C.  for  one  hour  on  eight 
consecutive  days.  This  treatment  will  destroy  many  but  not  all  fer- 
ments, and  will  leave  unaflTected  many  albumoses.  The  results  were 
negative. 

Conclusions.  At  the  present  time,  while  it  hardly  seems  possible 
that  the  streptococcus  is  the  specific  contagium  of  variola,  one  cannot 
fail  to  be  strongly  impressed  by  the  fact  that  this  micro-organism  is 
present  at  all  stages  of  the  disease  and  in  numbers  proportional  to  its 
severity. 

It  is  difficult  to  reconcile  the  principles  governing  secondary  infec- 
tion by  streptococcus  with  the  presence  of  this  bacterium  in  the  blood 
during  life,  and  with  its  enormous  numbers  in  the  blood  very  shortly 
after  death  of  the  primary  hemorrhagic  cases.  In  these  cases  it  can- 
not be  doubted  that  the  streptococcus  completely  overshadows  any 
other  bacterial  agent  that  may  be  present,  and  the  idea  of  a  secondary 
infection  in  such  cases  does  not  seem  reasonable.  I  believe  that  the 
condition  in  these  cases  should  be  regarded  rather  as  a  symbiosis  of 
the  streptococcus  and  the  specific  agent,  from  a  very  early  period,  so 
early  as  to  be  indistinguishable  in  these  cases  from  a  primary  invasion. 

While  not  inclined  to  urge  that  the  streptococcus  is  the  specific 
agent  in  variola,  I  believe  it  will  always  remain  impossible  to  repro- 
duce the  disease,  especially  in  its  fulminant  types,  without  the  aid  of 
this  micro-organism. 


Extracted  from  The  American  Journal  of  the  Medical  Sciences,  June,  1902. 
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Since  Giirtaer's  discovery  of  the  B.  euteritidis,  in  1888,  increasing 
interest  has  attended  the  study  of  the  intermediate  members  of  the 
typhoid-colon  group  of  bacilli.  In  1893  Gilbert  proposed  the  terms 
"  paratyphoid  "  and  "  paracolon  "  to  designate  these  intermediates  ;  but 
Durham  regards  the  terms  as  inappropriate,  since  he  believes  that  the 
intermediates  are  well-defined  species  of  organisms,  and  suggests  that 
all  be  classified  under  the  group  name  "  Giirtner  and  its  allies."  From 
the  clinical  stand-point,  however,  the  term  paratyphoid  is  the  most 
clearly  descriptive  that  can  be  applied  to  infections  resembling  typhoid 
and  caused  by  one  of  these  intermediate  bacilli. 

According  to  Durham,  the  Gartner  group  includes  B.  enteritidis  and 
the  similar  organisms  described  in  association  with  epidemics  of  meat- 
poisoning,  the  gas-producing  "typhoid"  bacilli  which  have  been 
described  by  various  observers,  the  B.  psittacosis,  the  paracolon 
bacillus  described  by  Gwyn,  and  the  bacillus  O  (Gushing).  Theobald 
Smith  has  shown  that  B.  cholerse  suis  and  B.  typhi  murium  should  be 
classified  with  this  group,  and  Gushing  suggests  that  the  recent 
researches  of  Reed  and  Carroll  on  the  B.  icteroides  of  Sanarelli 
demonstrated  that  it,  too,  belongs  here.  In  addition,  Widal  adds  the 
iiacillus  of  calf  septicaemia  of  Thomassen. 

Pathogenicity  in  the  human  subject  has  been  established  for  certain 
membei's  of  the  Gartner  group — e.  g.,  B.  enteritidis  in  epidemics  of 
raeat-poisoning,  B.  psittacosis  in  a  peculiar  epidemic  bronchopneu- 
monia with  typhoid  symptoms  in  some  cases,  and  the  paratyphoid 
bacilli  in  cases  resembling  typhoid  fever.  Moreover,  Griinbaum  has  sug- 
gasted  that  febrile  jaundice  may  be  caused  by  one  of  the  intermediates, 
since  he  has  obtained  the  Widal  reaction  with  sera  from  the.se  cases. 

Petruschky's  bacillus  fit  calls  alkaligenus,  according  to  Durham's  latest 
work,  is  not  an  intermediate  of  the  typhoid-colon  group,  but  occupies 

1  Read  at  a  meeting  of  the  New  York  Pathological  Society,  February  1*2,  1902. 
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a  plaoe  beyond  the  typhoid  in  that  it  does  not  acidify  any  sugar- 
containing  media;  in  a  sense  it  out-tyi)hoids  the  typhoid  bacillus. 

In  the  present  paper  we  shall  concern  ourselves  chiefly  with  cases 
clinically  resembling  or  identical  with  typhoid  fever  which  were  appar- 
ently caused  by  an  intermediate  bacillus. 

In  lH9(i  Achard  and  Uensaude  reported  two  cases  which  they  consid- 
ered due  to  infection  with  paratyphoid  bacilli. 

Case  I. — Woman,  aged  twenty-four  years.  Had  never  had  typhoid 
fever.  For  several  weeks  had  nursed  a  child  ill  with  a  "  mucous 
fever."  Taken  sick  August  24th  with  a  chill,  followed  by  fever,  anor- 
exia, slight  diarrhoea,  marked  prostation,  and  tympanites.  No  s])leen, 
no  epistaxis,  no  rose-spots.  Temperature,  103. .'i°  F.  I\o  rales  in  the 
chest.  Intestinal  hemorrhage.  September  11th,  marked  pyuria.  Seji- 
teinber  14th,  temperature  fell  suddenly  to  98.t)°  F.  without  apparent 
cause,  remounting  to  100.4^  F.  September  20th,  temperature  !lf<.0°  F  , 
rising  to  102.2°  F.  on  the  2od,  with  a  return  of  the  diarrhica  and  the 
development  of  right  femoral  thrombosis.  October  2,  left  femoral 
thrombosis.      October  .5th,  temperature  normal. 

Blood  from  vein  at  elbow  remained  sterile.  Urine  taken  aseptically 
September  12th  and  23d,  both  times  gave  a  bacillus  which  was  con- 
sidered to  be  a  paratyphoid.  Blood  aspirated  from  the  s|)leen  showed 
staphylococci,  but  no  bacilli.     Stools  gave  colon  only. 

September  9th,  no  Widal.  September  14th,  the  serum  reaction  wiili 
same  typhoid  culture  and  the  bacillus  obtained  from  the  patient's  urine 
was  positive.  September  17th,  two  cultures  of  typhoid  bacilli  gave  the 
reaction.  October  16th,  positive  \\'idal  with  three  of  thirteen  cultures 
of  typhoid  bacilli.  Reaction  constantly  positive  with  paratyphoid. 
Constantly  negative  with  colon.  Seven  weeks  after  the  fever  the 
patient's  serum  agglutinated  the  ba'illus  obtained  from  the  urine  and 
two  cultures  of  paratyphoid  bacilli,  l)at  was  witlmut  action  on  five  cul- 
tures of  typhoid.  The  blooil  of  animals  immunized  with  the  bacillus 
from  the  urine  reacted  with  paratyphoid  bacilli,  and  only  with  certain 
samples  of  typhoid  bacilli. 

The  authors  think  the  case  presented  a  close  analogy  to  typhoid  fever 
complicated  bj'  pyelonephritis,  with  a  relapse  complicated  by  femoral 
thrombosis. 

C.VSE  II. — Infant,  aged  seven  months.  June  23d,  temperature  was 
100.4°  F.,  with  subcrepitant  rales  over  middle  of  left  lung  posteriorly. 
Temperature  reached  104°  F.  on  the  20th.  The  pulmonary  signs  dis- 
appeared, but  the  fever  continued  between  102.2"  F.  and  104°  F. 
Tympanites,  rose-spots  in  abundance.  July  loth,  temperature  98.6°  F. 
Discovered  swelling  of  right  sterno-clavicnlar  articulation,  which  was 
opened  and  a  paratyphoid  bacillus  recovered  from  the  pus.  Patient 
recovered  completely. 

The  authors  conclude  that  while  general  infection  with  B.  typhosus 
cannot  be  excluded  in  this  case  thev  can  affirm  ])ositively  that  the  local 
infection  was  paratyphoid  in  nature. 

In  discussing  the  paper.  Rendu  states  that  the  authors  have  demon- 
strated that  paratyphoid  fever  closely  resembles  typhoid  in  its  course. 
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temperature  curve,  and  abdominal  symptoms.  Cases  of  psittacosis 
infection,  he  says,  may  present  the  general  aj)j)earance  of  typhoid 
fever,  but  show  special  pulmonary  localization.  He  has  seen  three 
cases.  All  three  presented  signs  of  grave  bronchopneumonia.  None 
had  diarrhoja,  rose-spots,  or  tympanites.  One  died.  There  were  no 
intestinal  lesions  at  the  autopsy. 

In  the  following  year,  in  his  thesis,  Bensaude  contended  that  the 
liiicilli  isolated  from  these  cases  were  B.  psittacosis  not  paratyphoid  as 
(irigiually  reported,  but  his  bacteriological  evidence  only  proves  that 
the  bacilli  were  intermediates.  He  did  not  conclusively  differentiate 
the  bacillus  of  psittacosis  from  paratyphoid  bacilli.  Moreover,  he 
seems  in  doubt  as  to  the  real  nature  of  the  general  infection  in  the  two 
cases. 

In  1897  Widal  reported  the  following  case  :  A  tubercular  [)atieut, 
after  three  weeks  in  the  ward,  developed  an  abscess  in  the  neck  about 
the  tesophagus,  presenting  at  the  same  time  slight  constitutional  symp- 
toms. A  bacillus  was  obtained  from  the  pus,  which,  from  its  cultural 
characteristics,  Widal  considered  a  paracolon.  The  bacillus  gave  a 
marked  reaction  with  the  serum  of  the  patient  in  dilutions  as  high  as 
1  :  1000,  the  reaction  steadily  diminishing  with  convalescence.  Widal 
.concludes  that  the  bacillus  isolated  was  the  cause  of  the  patient's  infec- 
tion. The  sera  of  anitnals  inoculated  with  B.  coli  communis  and  with 
B.  psittacosis  gave  no  reaction  with  this  organism. 

Gwyn  isolated,  in  1898,  from  the  blood  of  a  patient  suffering  with  a 
disease  clinically  identical  with  typhoid  fever  a  bacillus  which  cul- 
turally corresponds  with  Widal's.  The  patient  had  been  ill  since 
September  17th,  with  headache,  fever,  weakness,  and  later  with  vomit- 
ing, diarrhoea,  and  pain  in  the  abdomen.  October  16th  he  had  three 
hemorrhages  from  the  bowel.  He  slowly  rallied  and  went  out  of  the 
hospital  in  five  weeks.  Rose-spots  were  present,  the  spleen  was  pal- 
pable, the  urine  gave  the  diazo-reaction.  The  temperature  was  that  of 
a  severe  typhoid.  The  Widal  reaction  was  never  found.  Blood  cul- 
tures taken  October  12th  gave  a  paracolon  bacillus.  The  patient's 
serum  reacted  with  this  bacillus  in  dilutions  of  1  :  150  to  1  :  200.  Two 
months  after  the  date  of  the  culture  there  still  remained  a  slight  reac- 
tion. The  same  serum  was  without  action  on  B.  typhosus  in  any 
dilution  above  1:1  to  1  :  5. 

Ciishing's  case  followed  in  August,  1900.  M.  B.,  colored,  aged 
twenty-seven  years.  From  early  in  June,  1898,  nine  months  before 
admission,  the  patient  had  suffered  with  a  prolonged  course  of  fever 
extending  over  a  period  of  ten  weeks.  Clinically,  it  was  typhoid  fever, 
with  a  severe  but  typical  course.  There  was  a  relapse  ushered  in  by 
profuse  epistaxis.  During  convalescence  two  tender  swellings  de- 
veloped uj.ir  the  breast-bone.     One  disappeared,  the  other  burst,  dis- 
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charging  a  large  amount  of  pus  and  leaving  a  sinus  at  the  level  of  the 
fifth  rib.  Jlicroscopical  examination  showed  the  process  to  be  an  osteo- 
mj'elitis.  There  was  no  Widal  reaction.  Cultures  taken  from  the 
sinus  at  the  time  of  the  operation  gave  an  intermediate  bacillus,  which 
Cashing  calls  bacillus  O. 

In  the  same  month  appeared  Schottmueller's  first  case.  Male,  aged 
twenty-six  years.  The  patient  was  taken  ill  July  '2^d  with  headache 
and  catarrh  of  the  upper  respiratory  jiassagas.  Temperature  104°  F. 
July  27th,  the  patient  was  sleepy  and  tired  ;  spleen  palpable.  July  28th, 
the  sixth  day  of  the  disease,  the  blood  furnished  a  bacillus  resembling 
the  typhoid,  but  fermenting  glucose,  llose-spots  present.  Tenii)erature 
normal,  August  5th.  The  only  symptom  of  typhoid  lacking  was  the 
stools.  August  1st  the  Widal  reaction  was  negative,  while  the  bacillus 
isolated  from  the  blood  reacted  with  the  patient's  serum  at  1  :  .50,  but 
not  in  1  :  100.  Later  the  reaction  was  obtained  at  1  :  100.  With  three 
other  typhoid  cultures  the  reaction  was  negative.  Of  the  sera  of  four 
typhoid  patients  only  one  gave  a  reaction  with  the  bacillus,  and  that 
at  1  :  20. 

In  1901,  Schottmueller  reported  five  more  cases,  clinically  like 
typhoid  fever,  in  whose  blood  he  found  paratyphoid  bacilli.  None  of 
the  cases  gave  the  Widal  reaction.  There  was  a  sixth  case  which  did 
not  give  the  Widal  reaction  from  whose  blood  he  failed  to  obtain  a 
bacillus,  but  this  may  be  explained  by  the  fact  that  the  blood  was 
drawn  only  three  days  before  the  end  of  the  fever.' 

Case  I. — Male,  aged  sixty  years.  Taken  ill  July  Vth  with  headache, 
lassitude,  diarrhoja.  Spleen  not  palpable.  No  spots.  Temperature, 
104'  F.     Temperature  normal  August  1st.      ^lild  type. 

Case  II. — Male,  aged  eighteen  years.  Taken  ill  July  loth  with  head- 
ache, etc.  Temperature  105.2°  F.  July  18th,  condition  bad.  July 
28th,  condition  dangerous.  September  18th,  discharged  cured.  Severe 
typhoid  type. 

Case  III. — Male,  aged  nineteen  years.  Taken  ill  August  16th  with 
headache,  etc.  Temperature,  104..S°  F.  Ruse-spots  present.  October 
1st  discharged  cured.     Very  mild  type. 

Case  IV. — Male,  aged  forty-six  year.s.  Taken  ill  about  August  12th 
with  headache,  etc.  Had  been  in  l)ed  six  days  before  admission  to 
hospital.  Rose-spots  present.  Spleen  palpable.  Temperature  103°  F. 
Discharged  cured  December  14th.     Mild  type. 

Case  V. — Male,  aged  fifteen  years.  Admitted  November  ."d.  For 
fourteen  days  had  been  ill  with  fever,  lassitude,  etc.  Temperature 
105.4°  F.  Many  rose-spots,  which  appeared  on  the  face  and  hands  as 
well  as  in  the  usual  situations.  Patient  in  bad  condition  until  Novem- 
ber 12th.     December  30th  he  was  discharged  cured.     Severe  typhoid. 

Case  VI. — Male,  aged  twenty-five  years.     The  patient  was  a  physi- 

1  In  a  limited  number  of  cases  of  typhoid  fever  we  have  failed  to  find  the  bacillus  in  the 
blood  after  tlie  second  week,  and  it  will  be  noted  in  our  case  of  paratyphoid  infection  that  the 
blood  drawn  on  the  twenty-seventh  day  of  the  disease  remained  sterile. 
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cian  who  had  assisted  in  the  examination  of  Case  II.  Teinperatnre 
101. t)°  F.  Dismissed  cured  September  Kith.  The  l)lood  did  not  give 
the  Widal  reaction.  Blood  taken  three  days  before  the  end  of  the 
disease  remained  sterile.  The  diagnosis  of  typhoid  fever  wits  made  by 
exclusion. 

There  were  no  complications  with  any  of  the  cases,  even  the  severe 
ones.  Case  IV.  was  alcoholic.  Case  I.  was  si.xty  years  of  age.  In  these 
cases,  the  author  says,  one  would  expect  a  bad  prognosis  in  true  typhoid 
fever,  yet  both  were  mild. 

The  six  cases  above  recorded  occurred  in  a  series  of  sixty-eight  cases 
which  Schottmueller  examined,  a  high  proportion,  if  we  can  judge  by 
the  comparative  frequency  of  the  Widal  reaction  in  typhoid  fever. 

Schottmueller  applies  the  term  paratyphoid  both  to  the  infection  and 
to  the  bacillus. 

Kurth  also  published,  in  1901,  five  cases  which  he  considered  para- 
typhoid fever.  These  cases  were  found  among  sixty-two  whose  sera 
were  tested  for  the  Widal  reaction. 

Case  I. — Woman,  aged  thirty  years.  Taken  sick  May  17th.  Tem- 
perature 103.2°  F.  Normal  June  11th.  Tendency  to  constipation. 
Widal  negative  except  in  dilution  of  1  :  3.  June  30th  the  bacillus  was 
recovered  from  the  urine. 

Case  II. — Male,  aged  twenty-nine  years.  Taken  sick  August  27th, 
having  had  headache  for  a  week,  with  fever  and  diarrhrea.  Splenic 
tumor,  rose-spots,  diazo-reaction.  Temperature  100.4°  F.  to  104.9°  F. 
No  complications.  Widal  negative  three  times.  Bacillus  isolated  from 
stools  September  19th.  The  patient's  serum  reacted  with  this  bacillus 
at  1  :  8000,  and  on  October  28th  at  1  :  2000. 

Case  III. — Male,  aged  twenty-five  years.  Taken  sick  September  3d 
with  headache  and  vomiting.  Splenic  tumor,  few  rose-spots,  diazo- 
reaction.  Temperature  up  to  104°  F.  Widal  reaction  was  tested 
three  times,  and  was  positive  once  at  1  :  3.  No  paratyphoid  bacilli 
found  either  in  stool  or  in  urine.  The  patient's  serum  reacted  with  the 
bacillus  from  Case  II.  at  1  :  500. 

Ca.se  IV. — Male,  aged  eighteen  years.  Taken  sick  October  26th. 
Typhoid  stools.  Temperature  98.6°  F.  to  104°  F.  Normal  November 
27th.  Rose-spots,  splenic  tumor.  Widal  negative  twice.  The  patient's 
serum  reacted  with  the  bacilli  from  Cases  I.  and  II.  at  1  :  .500. 

Case  V. — Woman,  aged  twenty-three  years.  Entered  hospital 
November  7th.  No  splenic  tumor ;  doubtful  rose-spots ;  no  diazo- 
reaction.  Irregular  temperature,  never  above  102.2°  F.  Serum 
reaction  positive. 

All  the  cases  were  mild.  None  had  complications.  In  Cases  III. 
and  IV.  the  cultures  were  not  taken  till  late  in  the  disease,  which  may 
explain  the  negative  result. 

In  the  course  of  a  study  on  the  bacteriology  of  the  blood  in  typhoid 
fever  we  encountered  the  following  case  : 

Louise  R.,  colored,  aged  twenty-eight  years,  entered  Bellevue  Hos- 
pital in   the  service  of  Dr.  Loomis,  October  9,  1901.     She  gave  the 
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following  history  :  For  the  hist  two  months  flic  had  been  living  in 
Elizaijeth  City,  N.  C,  and  was  taken  ill  one  week  after  her  return  to 
New  York.  On  October  4th  the  patient  had  a  chill  which  lasted 
about  half  an  hour  and  was  followed  by  fever  and  sweating.  Her 
appetite  has  been  poor  and  she  has  had  frequent  attacks  of  vomiting, 
the  vomitus  consisting  of  the  food  last  eaten.  There  have  been  two 
attacks  of  epistaxis.  Since  October  Oth  she  has  suffered  from  severe 
headache.  Her  bowels  have  moved  freely,  with  a  slight  tendency  to 
diarrhffia.  The  patient  feels  very  weak.  Temperature  on  admission 
was  103.2°  F.,  pulse  92. 

Physical  elimination  on  (irfmwwn.  The  patient  is  well  nourished, 
the  muscles  are  firm,  the  skin  is  moist  and  elastic.  The  mucous  mem- 
branes are  red.  The  tongue  is  tremulous,  fissured,  coated  over  the 
dorsum,  red  at  the  tip  an<l  edges.  The  pulse  is  small,  frequent, 
regular,  and  of  low  tension.  The  heart  is  negative.  The  lungs  are 
negative  except  for  slight  impairment  of  resonance  posteriorly.  The 
abdomen  is  soft,  but  gives  a  tympanitic  note.  Liver  normal.  Spleen 
not  palpable.  Slight  epigastric  tenderness.  Owing  to  the  patient's 
color  we  could  not  determine  the  presence  of  rose-spots. 

The  patient  had  two  .stools  on  each  of  the  first  two  days  in  the  hos- 
pital, but  had  been  given  a  dose  of  castor  oil.  Subsequently  there  was 
slight  constipation. 

An  examination  of  the  urine,  made  October  10th,  showed  a  trace  of 
albumin,  with  granular  and  hyaline  casts,  blood,  pus,  and  epithelial 
cells.  A  leueocytic  count  ( )ctober  11th  gave  10,(itM).  The  same  day  the 
blood  was  examined  for  the  malarial  parasite,  with  a  negative  result. 
The  Widal  reaction,  tested  by  Dr.  T.  W.  Hastings,  was  tried  three 
times  :  October  10th,  dilution  1  :  80,  negative  after  one  hour  ;  October 
16th,  dilution  1  :  40,  negative  after  half  an  hour;  October  olst,  dilution 
1  :  80,  negative  after  one  hour.  With  another  culture  of  typhoid 
bacilli  an  imperfect  and  only  partial  reaction  was  obtained  at  the  end  of 
an  hour  in  a  dilution  of  1  :  20.  On  October  9th,  the  sixth  day  of  the 
disease,  and  on  October  oOth,  the  twenty-seventh  day  of  the  disease, 
10  c.c.  each  of  blood  were  taken  from  a  vein  at  the  elbow  for  bacterio- 
logical examination.  The  first  of  these  specimens  gave  a  paratyphoid 
bacillus,  the  second  remained  sterile. 

Clinically  the  patient  followed  the  course  of  a  mild  attack  of  typhoid 
fever.  The  spleen  became  palpable  as  the  disease  progressed.  The 
subsequent  history  was  uneventful  except  for  a  sharp  break  in  the 
temperature  to  99.6°  F.  on  the  fourteenth  day  of  the  disease,  after  which 
the  exacerbations  and  remissions  were  very  marked  till  the  twenty- 
second  day,  when  the  temperature  fell  to  98.6°  F.  and  convalescence 
was  definitely  established.  The  patient  was  discharged  cured  Novem- 
ber 20th,  six  weeks  after  entrance  to  the  hospital  and  seven  weeks 
after  the  beginning  of  her  illness. 

Rose-spots  were  sought  for  many  times,  but  because  of  the  patient's 
color  it  was  impossible  to  decide  if  they  were  present. 

To  sum  up  :  The  illness  was  ushered  in  with  a  chill,  followed  by 
fever,  anorexia,  lassitude,  slight  diarrhoea  and  fibrillary  tremor  of  the 
tongue.  The  temperature  curve  was  continuously  high  to  the  four- 
teenth day  of  the  disease,  when  it  fell  to  99.6°  F.,  after  which  the  curve 
was  broken  by  exacerbations  and  remissions  to  the  twenty -second  day. 
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the  first  day  of  convalescence.  Added  to  these  symptoms  there  was 
splenic  tumor.  So  that  in  all  essential  features  the  case  was  typical 
of  mild  tyjjhoid  fever. 

Analyiiii  of  the  Symptoms  of  Paratyphoid  Fever,  In  view  of  the  care 
with  which  the  cases  from  whose  blood  the  paratyphoid  bacilli  have 
been  isolated  were  studied,  it  must  be  admitted  that  these  organisms 
are  capable  of  causing  a  general  infection  that  has  to  be  reckoned  with 
in  the  diagnosis  of  typhoid  fever.  An  analysis  of  the  symptoms  of  the 
reported  cases  demonstrates  that  this  infection  closely  resembles  true 
typhoid  infection,  and  may  even  be  identical  with  it  in  clinical  mani- 
festations. Practically  all  of  the  cases  of  paratyphoid  infection  passed 
clinically  for  typhoid  fever,  without  a  Widal  reaction,  until  careful 
bacteriological  examination  revealed  their  true  nature. 

In  so  far  as  conclusions  can  be  drawn  from  the  limited  number  of 
cases  reported,  paratyphoid  infections  may  be  mild  or  severe  as  in 
genuine  typhoid.  The  symptoms  of  invasion  are  practically  the  same, 
for  we  may  find  in  both  headache,  lassitude,  anorexia,  diarrhoea,  epis- 
taxis,  chill  followed  by  fever,  and  slight  inflammation  of  the  upper 
respiratory  passages. 

Moreover,  during  the  course  of  paratyphoid  infection  the  patient 
develops  the  typhoid  state,  slight  or  profound,  accompanied  by  tym- 
panites, diarrhoea  or  constipation,  rose-spots,  splenic  tumor,  and  quite 
a  typical  temperature  curve.  The  pulse  is  that  of  typhoid  fever.  The 
urine  sometimes  gives  the  diazo-reaction. 

Abscess  of  the  neck,  osteomyelitis,  pyelonephritis  (?),  and  intestinal 
hemorrhages  have  been  reported  as  complications.  Even  a  relapse 
occurred  in  Cushing's  case.  So  that  the  picture  is  more  or  less  com- 
plete as  a  whole. 

For  the  most  part  the  cases  have  been  mild,  and  Schottmueller  states 
on  the  evidence  of  his  seven  cases  that  the  prognosis  is  favorable. 

Certain  irregular  typhoid  cases  have  been  reported  in  which  the 
Widal  reaction  was  absent,  which  we  are  inclined  to  regard  as  examples 
of  paratyphoid  infection.  Brill  has  made  a  careful  study  of  seventeen 
of  these  cases.  In  our  case  there  was  a  remarkable  break  in  the  tem- 
perature curve,  without  assignable  cause,  to  99.6°  F.  on  the  fourteenth 
day  of  the  disease,  though  the  temperature  afterward  remounted  to 
101.8°  F.  Possibly  some  of  the  cases  of  the  so-called  fourteen-day 
type  of  typhoid  fever  are  really  paratyphoid  fever,  but  we  have  been 
unable  to  obtain  any  data  on  this  point.  Dr.  Thomas  D.  Coleman,  of 
Augusta,  Georgia,  writes  us  that  the  fourteen-day  typhoid  fever  is  quite 
common  in  that  section,  and  that  in  all  essential  symptoms  it  is  identical 
with  the  twenty-one-day  type.  He  also  states  that  the  Widal  reaction 
was  negative  in  one  of  these  cases,  but  a  bacteriological  examination 
of  the  blood  or  feces  was  not  made. 
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Brill's  cases  bore  a  marked  cliuical  resemblance  to  tj'phoid  fever, 
though  the  duration  of  the  disease  was  only  ten  to  twelve  days.  The 
serum  reaction  of  these  cii^es  was  tested  with  typhoid  bacilli  daily,  with 
negative  results.  The  symptoms,  briefly  stated,  were  :  anorexia,  malaise, 
headache,  and  general  body  pains  for  three  or  four  days,  succeeded  by 
rigors  or  a  chill,  and  soraetimes  epista.xis.  The  temperature  rose  rapidly 
to  104°  F.  to  10.5°  F.,  after  which  a  mild  typhoid  state  developed. 
Rose-spots  were  generally  present.  The  spleen  was  enlarged.  Consti- 
pation was  the  rule.  The  temperature  reached  normal  ten  or  twelve 
daj's  after  the  beginning  of  the  illness.  Inconstant  diazo-reaction. 
Xo  leucocytosis.  No  intestinal  hemorrhage.  No  complications  or 
sequelre. 

In  three  of  tiie  cases  cultures  were  made  from  the  feces  and  B.  coli 
communis  obtained.  la  one  case  the  spleen  was  aspirated,  and  again 
B.  coli  communis  found.  The  serum  of  each  case  was  tested  for  a 
reaction  with  the  colon  bacillus  and  found  negative.  And  in  two  cases 
the  serum  of  the  patients  was  tested  with  colon  bacilli  obtained  from 
themselves,  with  no  reaction.  In  these  two  cases  then  the  bacilli  could 
not  have  been  paratyphoid  bacilli. 

Ca.se  XIV.  of  Brill's  series  is  especially  remarkable.  The  patient  had 
had  typhoid  fever,  with  the  Widal  reaction,  six  months  previously  and 
had  entirely  recovered.  The  serum  reaction  against  the  typhoid  bacillus 
persisted  up  to  and  including  part  of  the  second  illness,  during  the 
course  of  which  it  disappeared.  Brill  justly  claims  that  the  second 
attack  was  not  t\'phoid  fever. 

The  cases  reported  as  fatal  typhoid  fever  with  intestinal  lesions,  not 
showing  the  Widal  reaction,  without  bacteriological  examination  are 
not  proved  to  have  been  genuine  typhoid  infection. 

The  Widal  Reaction  in  the  Light  of  Infections  by  Members  of  the 
Odrtaer  Group  of  Bacilli.  Since  the  introduction  of  the  serum  reac- 
tion as  a  means  of  diagnosis  in  typhoid  fever  it  has  been  a  well-recog- 
nized fact  that  a  small  proportion  of  cases  which  are  clinically  typhoid 
fever  fail  to  give  the  reaction.  Brill,  adding  to  Cabot's  statistics,  finds 
that  of  4879  cases  4781,  or  97.9  per  cent.,  gave  the  reaction.  Gwyn 
gives  99.6  as  the  percentage  of  positive  reactions  in  the  Johns  Hopkins 
Hospital.  On  the  contrary,  in  all  the  reported  cases  of  paratyphoid 
infection  the  reaction  has  been  absent.  It  is  probable,  then,  that  some, 
at  least  of  the  typhoid  cases  with  negative  reaction,  were  really  para- 
typhoid. That  not  all  of  them  were  paratyphoid  is  made  probable  by 
the  following  remarkable  case  reported  by  H.  Batty  Shaw  : 

Adult.  Headache  for  three  days.  Temperature  103^  F.  Tyjthoid 
fever  was  suspected,  and  on  the  two  following  days  the  Widal  reaction 
was  tried  at  1  :  50,  and  both  times  failed.  On  the  seventh  day  of  the 
disease  rose-spots  appeared  and  remained  visible  until  the  nineteenth 


COLEMAN,    BUXTON:      PAKATYPHOIU     INFECTIONS.       9 

iliiy.  Spleuic  tumor.  Delirium  arid  incontiuence  for  three  week.s. 
Temperature  normal  the  twenty-fourth  day.  An  abscess  developed  in 
the  region  of  the  right  rectus  abdominis.  It  was  incised  the  thirty- 
sixth  day  of  the  disease  and  a  typhoid  liacilhis  isolated  from  the  pus. 
The  patient's  own  serum  in  dilution  of  1  :  200  failed  entirely  to  clunii) 
this  bacillus  after  an  hour's  exposure.  Another  typhoid  case  in  the 
hospital,  giving  the  Widal  reaction  with  another  typhoid  culture,  failed 
to  react  with  this  bacillus  at  the  same  dilution.  The  serum  of  the 
patient  was  then  tried  with  a  typhoid  culture  from  University  College, 
but  in  dilution  of  1  :  100  gave  only  the  slightest  clumping  after  twenty- 
four  hours.  The  same  culture  with  the  serum  of  another  patient  with 
typhoid  fever  gave  the  reaction  in  two  minutes. 

The  bacillus  isolated  corresponded  to  the  following  biological  and 
other  tests  :  1.  Decolorized  by  Gram.  2.  Actively  motile  in  broth — 
no  scum.  o.  Shake  preparation  in  glucose-agar,  no  gas.  4.  No  indol 
in  broth  after  ninety-six  hours.  5.  Growth  on  potato  present,  but  not 
visible.     6.  Did  not  curdle  milk. 

No  adequate  explanation  offers  itself  in  this  case,  except  some  biolog- 
ical peculiarity  which  was  not  demonstrated.  It  scarcely  seems  possible 
that  the  bacillus  isolated  was  not  the  cause  of  the  patient's  infection. 

It  cannot  be  assumed  that  all  cases,  clinically  typhoid,  which  have 
been  reported  as  giving  the  Widal  reaction  were  cases  of  genuine 
typhoid  infection.  The  brilliant  work  of  Durham  on  the  typhoid  colon 
group  and  their  serum  reactions  has  established  the  fact  that  certain 
members  of  this  group  may  be  mutually  interacted  upon  by  sera  of 
infected  patients  and  immunized  animals.  This  is  especially  true  of 
sera  in  low  dilution,  and  since  in  the  earlier  years  of  the  Widal  reaction 
the  technique  had  not  been  worked  out,  and  dilutions  were  more  fre- 
quently low  than  not,  some  of  the  cases  reported  as  typhoid  fever  may 
have  been  paratyphoid.  The  simple  fact  that  clumping  of  bacilli  has 
been  obtained  is  not  sufficient  evidence  for  diagnosis.  Gruber  and 
Durham  have  proved  that  a  serum  reaction  is  not  in  the  strict  sense 
specific,  that  it  is  only  a  special  reaction,  and  that  it  indicates  not  a 
certainty,  but  a  probability. 

Landsteiner  was  the  first  to  observe  that  typhoid  serum  reacts  posi- 
tively against  Gartner's  bacillus  enteritidis.  Durhaih  has  confirmed 
this  observation.  In  his  study  of  an  epidemic  of  meat-poisoning  at 
Oldham  he  found  that  the  sera  of  5  of  29  cases  of  infection  with  B. 
enteritidis  gave  minimal  traces  of  reaction  against  the  typhoid  bacillus 
at  1  :  100,  and  in  lower  dilution  some  of  them  gave  well-marked  clump- 
ing with  typhoid  cultures.  Hence,  he  states  that  "  in  the  absence  of 
differential  tests  they  might  have  been  returned  as  having  been  obtained 
from  typhoid  fever  patients."  In  another  place  he  makes  an  even 
stronger  statement  based  upon  tables  he  gives,  that,  for  the  cases 
examined,  in   dilutions  "  lower  than   and   incluiling  1  :  100  it  is  imma- 


10       COLEMAN,    BUXTON:      PARATYPHOID     INFECTIONS. 

terial  whether  true  typhoid  or  Gartner's  bacillus  is  used  to  obtain  the 
typhoid  reaction."  He  adds  that  "  sera  obtained  from  typhoid  fever 
patients  are  not  potent  enough  to  give  absolute  indications  either  for 
diagnosis  of  bacilli  or  the  nature  of  serum." 

In  our  case  the  serum  reacted  with  the  typhoid  bacillus  at  1  :  20, 
though  onlj'  partially  and  imperfectly  at  the  end  of  an  hour,  and  failed 
entirely  at  1  :  40  and  1  :  80  with  another  typhoid  culture.  In  Gwyn's 
case  his  paracolon  was  agglutinated  by  typhoid  sera  of  high  potency 

Fig  1. 
Gas  formation  in  2  per  cent,  glucose  broth. 


Coli  communis. 


(1  :  300  to  1  :  1100)  in  dilutions  up  to  1  :  5.  One  typhoid  serum 
(potency  1  :  900)  gave  an  incomplete  reaction  at  1  :  30. 

Moreover,  Gilbert  and  Fouruier  and  Achard  and  Bensaude  have 
shown  that  B.  psittacosis  is  agglutinated  by  typhoid  sera  at  1  :  10,  but 
not  at  1  :  40  to  fiO. 

Hence,  it  cannot  be  too  strongly  insisted  upon  that  the  ordinary 
routine  test  for  the  Widal  reaction  give  place  to  more  reliable  and 
scientific  methods.  Dilutions  of  sera  should  be  high,  rarely  or  never 
less  than  1  :  .')0,  and  in   the  aksence  of  a  positive  reaction  the  serum 
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should  be  tested  against  several  of  the  intermediates.  Not  until  this  is 
done  will  the  data  of  the  serum  reaction  in  typhoid  fever  possess  scien- 
tific value. 

Bacteriological  Report.  Alllioiigli  the  bacteriological  work  on 
the  bacillus  iu  question,  here  called  Case  7,  has  not  been  completed, 
enough  has  been  done  to  show  that  it  unquestionably  belongs  to  the 
group  intermediate  between  coli  communis  and  typhoid,  and  that 
among  the  intermediates  themselves  it  resembles  Cushing's  bacillus  O 


Gas  formation  in  2  per  cent,  maltose  broth. 


Coll  communis. 


and  Gwyu's  (paracolon)  bacillus — Durham's  group  C — more  nearly 
than  the  B.  enteritidis  of  Gartner,  hog  cholera  and  others — Durham's 
group  D. 

Of  the  10  c.c.  of  blood  drawn  from  the  median  basilic  vein,  4  c.c. 
was  distributed  into  four  Erlenmeyer  flasks,  each  containing  50  c.c.  of 
broth  ;  the  remaining  6  c.c.  being  dropped  into  six  tubes,  each  one  con- 
taining 6  c.c.  of  broth.  The  flasks  and  tubes  were  incubated,  and  the 
following  day  two  of  the  flasks  appeared  turbid.  On  the  third  day  the 
other  two  flasks  and  one  of  the  tultes  were  cloudy,  but  the  remaining 
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tubes  showed  uo  growth  either  then  or  later.  This  experiment  and 
many  other  similar  ones  undertaken  by  us  have  shown  the  nece.ssity 
for  considerable  dilution  of  the  blood  if  positive  results  are  to  be  looked 
for.     Cole  has  discus.sed  this  point  very  fully. 

The  turbidity  of  the  four  Hasks  and  one  tube  was  found  to  be  due  in 
each  instance  to  a  pure  culture  of  the  same  bacillus,  which  at  first  was 
taken  to  be  typhoid  in  spite  of  the  fact  that  the  patient's  blood  gave  no 
Widal  reaction   with   typhoid  cultures,  even   in   low  dilutions.     This 

Fig.  3. 
Gas  formation  in  2  per  cent,  laiitose  broth. 


Coli  communis. 


absence  of  reaction  at  that  time  was  ascribed  to  the  early  stage  of  the 
disease,  fifth  or  sixth  day,  in  which  the  blood  was  taken.  On  testing 
the  bacillus,  however,  in  glucose  gelatin  it  was  found  to  produce  gas, 
and  this  led  to  further  investigations. 

In  ordinary  media,  agar,  gelatin,  and  broth,  the  growth  is  indistin- 
guishable from  typhoid,  nor  do  stained  preparations,  ordinary  or  by 
Gram's  method,  show  any  differences. 

Ilangun/  Drop.  The  bacillus  is  very  motile,  even  more  so  than 
typhoid  usually  is,  and  in  this  resembles  the  bacilli  isolated  by  Scliott- 
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luueller,  Kurth,  and  others.  Kurth  remarks  that  his  bacilli  possess 
flagella  which  are  larger  than  those  of  typhoid  and  do  not  show  the 
same  peritrichal  arrangement.  In  our  bacillus,  however,  the  flagella 
appear  to  be  precisely  similar  to  those  of  typhoid. 

Serum  Reaction.  The  bacillus  was  hardly  affected  by  serum  of  the 
patient  in  the  early  (fifth,  or  sixth  day)  stage  of  the  fever,  but  serum 
taken  on  the  twenty-seventh  day,  at  which  time  cultures  from  the 
blood  were  negative,  agglutinated  the  bacillus  in  high  dilutions,  react- 
ing toward  typhoid  cultures  only  in  low,  one  to  twent}'  dilutions,  and 
even  then,  slowly  and  more  or  less  imperfectly. 

Later  on  the  dried  blood  of  the  patient  agglutinated  cultures  of  Cush- 
ing's  O  and  Gwyn's  paracolon,  but  in  somewhat  lower  dilutions.  The 
blood  of  a  rabbit  immunized  to  Case  7  bj'  repeated  subcutaneous  injec- 
tions reacted  strongly  with  the  bacillus  in  high  dilutions,  and  also  with 
O  and  Gwyu,  but  was  entirely  negative  with  cultures  of  typhoid. 

It  seems,  however,  doubtful  if  the  serum  reaction  will  prove  of  value 
in  distinguishing  the  intermediates  as  an  entire  group  from  typhoid 
on  the  one  hand  and  eoli  communis  on  the  other.  It  is  true  that 
Schottmueller  found  that  his  bacilli  (six)  would  interact  for  the  most 
part  and  that  Kurth  reports  the  same  with  his  two  cultures,  but  Dur- 
ham prepared  a  highly  potent  Gwyn  serum  which  reacted  1  :  20,000 
with  Gwyn,  but  had  no  effect  upon  O  in  1  :  100  dilutions,  and  Gushing 
himself  observed  that  the  serum  of  his  O  patient  reacting  1  :  8000  with 
O  bacillus  had  but  slight  effect  upon  Gwyu's  bacillus  at  1  :  10. 

These  observations  so  far  as  O  and  Gwyn  are  concerned  are  at  vari- 
ance with  our  own,  but  we  find  with  Durham  that  interactions  between 
the  members  of  the  enteritidis  group  cannot  be  depended  upon  :  Cul- 
tures which  could  not  be  distinguished  either  morphologically  or  bio- 
graphically  when  tested  bj'  serum  for  agglutination  showed  very 
marked  differences. 

Gas  Formation.  The  photographs  show,  better  than  a  description 
could  do,  the  gas  formation  in  glucose  and  maltose  and  the  absence  of 
it  in  lactose  broth. 

In  this  respect  Case  7  is  typical  of  the  intermediates,  all  observers 
agreeing  that  they  do  not  form  gas  in  lactose  or  saccharose  media.  So 
far  as  saccharose  goes  the  gas  test  is  of  no  value,  since  man)'  true  colon 
bacilli  are  also  unable  to  ferment  it.  Durham,  indeed,  divides  the 
colon  bacilli  into  two  groups,  coli  communis  verus,  which  does  not,  and 
coli  communis  communior,  which  does  ferment  saccharose.  The  photo- 
graphs show  less  gas  formation  on  the  part  of  Case  7  than  of  coli 
communis.  This  difference,  however,  is  not  constant,  and  the  same 
may  be  said  of  the  other  intermediates  so  far  tested. 

Milk  is  not  coagulated.  Schottmueller  lays  great  stress  on  the  fact 
that  among  the  intermediates  there  is  initial  acidity  in  the  milk,  fol- 
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lowed  by  alkalinity,  which  in  two  or  three  weeks  may  reach  such  a 
point  that  the  casein  is  dissolved  and  the  milk  becomes  opalescent. 
Gushing  observed  the  same  thing.  This  partial  clearing  was  found  to 
occur  with  B.  enteritidis  and  0,  but  not  with  Gwyn  or  Case  7. 

Potato.  The  growth  is  slight  and  there  is  no  discoloration,  so  on  this 
medium  the  bacillus  resembles  typhoid. 

Litnrns  whey  is  a  medium  on  which  Durham  places  great  reliance, 
but  experiments  with  Case  7  have  led  to  no  particular  results.  It 
clouds  the  whey  slightly  and  turns  it  acid,  while  typhoid  leaves  it  clear 
and  forms  comparatively  little  acid,  but  trials  so  far  have  not  shown  that 
the  intermediates  form  alkali  later  on,  ivs  claimed  by  Durham,  and  by 
itself  it  does  not  seem  as  if  litmus  whey  would  be  of  much  value  for 
differentiation. 
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A     COMPARATIVE     STUDY    OF    THE    BACILLI    INTERMEDIATE 
BETWEEN   B.    COLI    COMMUNIS   AND   B.    TYPHOSUS. 

B.  H.  Buxton. 

In  the  fall  of  1901  Dr.  Warren  Coleman  and  I  undertook 
to  make  a  scries  of  cultures  from  the  blood  of  typhoid 
patients  in  Bellevue  Hospital. 

Very  early  in  our  investigations  we  came  across  a  bacillus 
from  a  supposed  mild  case  of  typhoid  without  Widal  reaction, 
which  proved  to  belong  to  the  intermediate  or  paratyphoid  ■ 
group. 

This  led  to  the  production  of  a  joint  paper  read  by  Dr. 
Coleman  before  the  New  York  Pathological  Society  on  Feb- 
ruary 12,  1902,  and  subsequently  published  in  the  June 
number  of  the  "  American  Journal  of  the  Medical  Sciences." 

The  main  part  of  this  paper  was  devoted  to  the  clinical 
aspects  of  the  paratyphoid  infections,  the  bacteriological 
properties  of  the  bacillus  in  question,  here  called  Case  7, 
being  also  briefly  touched  upon. 

Instigated  by  the  possession  of  this  bacillus,  I  collected  a 
num.ber  of  intermediates  from  various  sources  with  the  object 
of  making  a  comparative  study  of  them.  My  best  thanks  are 
due  to  those  who  so  kindly  supplied  the  cultures. 

I  am  indebted  for  many  of  them  to  Drs.  Cushing  and 
Johnston,  of  the  Johns  Hopkins  Hospital;  to  Dr.  Schott- 
miiller,  of  Hamburg,  for  two  ;  to  Drs.  Libman  and  Hewlett, 
of  New  York,  who  each  sent  me  a  culture  of  the  bacilli  iso- 
lated by  them.  In  addition  to  this  a  culture  was  received 
from  the  Hygienic  Institute  at  Bremen,  of  one  of  the  two 
bacilli  isolated  there  by  the  late  Dr.  Kurth. 

Into  the  details  of  the  various  cases  it  hardly  seems  worth 
while  to  enter.  They  have  all  been  published  with  one  or 
two  exceptions,  and  references  to  them  are  given  at  the  end 
of  the  article. 

It  can  be  gathered  from  the  table  that  a  large  number  of 
the  cases  were  typhoidal  in  nature,  the  bacilli  having  been 
obtained  for  the  most  part  from  the  blood. 
(201) 


Of  the  unpublished  ones,  Strong's  case  I  understand  was 
not  typically  typhoid,  whilst  Malcomb  was  a  secondary  infec- 
tion after  true  typhoid,  the  bacilli  having  been  isolated  from 
the  urine  during  convalescence. 

The  clinical  picture  of  Libman's  was  that  of  cholecystitis 
complicating  typhoid  fever.  The  bacillus  was  obtained  from 
the  gall-bladder  and  twice  from  the  blood  during  life,  but 
since  there  was  a  positive  Widal  to  typhoid  at  one  to  two 
hundred  and  fifty  it  was  thought  that  there  was  probably 
a  mi.xcd  infection.  That  the  bacillus  actually  caused  the 
typhoidal  symptoms  is  therefore  a  little  doubtful,  but  the 
doubt,  having  been  here  expressed,  will  not  be  referred  to 
again,  and  it  will  be  taken  for  granted  that  the  bacillus  was 
the  cause  of  the  typhoidal  symptoms. 

The  following  is  a  table  of  the  organisms  e-xamincd  : 


Cnli  Communis 

HogCholcni 

Typhi  Murium  — 
GUrtncr  B.  Enteri- 


tidi! 


HatUin  ... 
Bac.  O... 
Gwyn.... 
strong  .  . 
Malcomb 
Hadach  .. 
Milcwskv 
Noonan     . 

X 

Mullcr.... 

K 


Case  7 

Typhoid,  4  strains. 
Dysentery,  4  strains. 


Moore  Ithaca. 
Johns  Hoplcins. 

Johns  Hopkins. 
Johns  Hopkins. 
Johns  Hopkins. 
Johns  Hopkins. 
Johns  Hopkins. 
Johns  Hopkins. 
Johns  Hopkins. 
Johns  Hopkins. 

N.Y.  Hosp 

Mt.  Sinai  Hosp. 

Hamburg 

Hamburg 

Bremen 


Isolated  by 


Buxton 

Gartner,  iSSS   

Durham 

Cnshing 

Gwyn   

Strong 

Johnston 

Johnston , 

Johnston 

Hewlett   

Libman 

.Schottmiiller 

Schtiltmiillcr 

Kurth   

Coleman  &  Buxton 


Feces . . . 
Feces . . . 
Abscess. 
Blood  .. 
Spleen., 
Urine, 
Blood  . 
Blood  . 
Blood  . 
Blood  ., 
Blood  .. 
Blood  ., 
Feces  . . . 
Blood   .. 


Meal  poisoning. 

Meat  poisoning. 

Typhoidal 

Typhoidal. 

Typhoidal. 

Typhoid. 

Typhoidal. 

Typhoidal. 

Typhoidal. 

Typhoidal. 

Typhoidal. 

Typhoidal. 

Typhoidal. 

Typhoidal. 
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A  few  remarks  on  some  of  the  above  may  here  be  inserted. 
The  culture  of  B.  coli  communis  was  selected  as  a  typical  one 
after  comparison  with  several  different  strains.  All  these 
appeared  to  be  precisely  similar  except  that  some  of  them 
fermented  saccharose  and  others  did  not.  Durham  calls  the 
former  variety  Coli  Communis  Communior,  since  he  considers 
it  to  be  more  frequently  found  in  the  feces  than  the  latter, 
which  he  calls  "  Coli  Communis  Verus."  The  bacillus 
chosen  here  as  a  representative  ferments  saccharose,  so 
belongs  to  the  "  Communior  "  group. 

Schottmiiller  during  an  epidemic  of  typhoid  in  Hamburg 
in  I  goo  isolated  intermediate  bacilli  from  the  blood  of  six 
patients.  Two  of  these,  Mliller  (No.  14)  and  another,  dif- 
fered somewhat  both  culturally  and  in  their  agglutinating 
properties  from  the  other  four  —  Seemann  (No.  15)  and 
three  others  —  and  Schottmiiller  suggests  that  he  may  have 
been  dealing,  not  with  one,  but  with  two  nearly  related 
groups  of  bacilli. 

Kurth,  during  a  typhoid  epidemic  in  Bremen  in  1900, 
isolated  intermediates,  one  from  the  feces  and  the  other  from 
the  urine  in  two  cases  which  did  not  respond  to  the  Widal 
test.  In  three  other  cases  where  the  blood  of  the  patients 
was  negative  to  typhoid  he  obtained  positive  results  with  his 
intermediates.  Which  of  these  two  was  sent  to  me  I  do  not 
know,  but  from  Kurth's  descriptions  they  appear  to  have  been 
identical  in  every  respect. 

Four  strains  of  typhoid  were  carefully  examined  and  found 
to  differ  only  in  respect  of  the  rapidity  with  which  they  were 
agglutinated.  A  stock  laboratory  culture  originally  obtained 
from  the  New  York  Health  Board  was  selected  for  most  of 
the  comparative  tests,  since  .it  agglutinated  with  typhoid 
serums  more  readily  than  any  of  the  other  three,  all  of  which 
liad  been  recently  obtained  from  the  blood  of  t}'phoid 
patients  by  Dr.  Coleman  and  m}'self. 

Four  strains  of  the  B.  dysenteric — those  isolated  by 
Shiga  in  Japan,  Flexner  in  Manila,  Kruse  in  Germany, 
Seward  in  New  Haven  — were  also  brought  in  for  comparison, 
but  these  bacilli,  although  apparently  identical,  do  not  seem  to 
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form  i^art  of  the  connecting  links  between  B.  coli  communis 
and  B.  typhosus,  and  must  be  considered  rather  as  side 
shoots  of  the  group.  According  to  published  accounts,  they 
resemble  typhoid  except  that  they  are  not  motile  and  are  not 
agglutinated  by  typhoid  serums.  They  are  not  referred  to 
in  the  article. 

The  Bacillus  fecalis  alkaligencs  of  Petruschky,  from  feces, 
appears  also  to  bea  side  shoot  from  the  group. 

It  is  easy  to  distinguish  the  intermediates  as  a  group  from 
B.  coli  communis  on  the  one  hand  and  typhoid  on  the 
other. 

The  main  points  of  difference  are  as  follows: 


R 
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B.  typhosus. 

Coagulation  of  milk 

+ 
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+ 
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When,  however,  the  intermediates  are  more  closely  studied 
they  are  found  to  differ  to  a  considerable  extent  among 
themselves,  both  culturally  and  in  their  agglutinating  interac- 
tions. 

As  regards  those  which  are  pathogenic  for  man  we  find 
them  clinically  divided  into  three  groups  according  to  the 
symptoms  produced. 

(rt.)  The  meat-poisoning  group.  (Gartner,  B.  enteritidis.) 
Sudden  onset  soon  after  ingestion  of  the  meat,  symptoms  at 
first  those  of  toxin  poisoning  followed  by  invasion  of  the 
system  with  the  bacilli.  Duration  of  illness  four  or  five  days, 
after  which  quick  recover}-.  In  a  few  cases  death  in  two  or 
three  days. 

{b.)    The  pneumonic  or  psittacosis  group. 

This  has  been  described  by  several  French  authors, 
Achard  et  Bensaude  among  others,  and  is  ascribed  by  them 
to  a  bacillus  first  isolated  by  Nocard  from  a  parrot  supposed 
to  have  been  the  original  cause  of  an  epidemic.  No  cultures 
of  this  B.  psittacosis  could  be  obtained    and   it  will   not  be 
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considered.  Durham  puts  it  with  the  Giirtncr  or  Enteritidis 
group  so  far  as  its  cultural  characteristics  are  concerned. 

(c.)  Those  causing  typhoid-like  symptoms. 

We  might  then  be  inclined  to  divide  the  intermediates  into  : 
I.  The  paracolons  which  do  not  cause  typhoidal  symptoms, 
including  the  meat-poisoning  and  psittacosis  bacilli,  together 
with  those  which  are  not  pathogenic  for  man  such  as  hog 
cholera,  B.  typhi  murium,  etc.;  and  —  II.  The  paratyphoid 
sub-group,  to  include  all  those  bacilli  which  cause  typhoid- 
like symptoms. 

When,  however,  we  come  to  consider  the  intermediates 
from  the  bacteriological  standpoint  we  find  that  this  division 
will  not,  without  modification,  hold  good,  for  some  of  those 
which  cause  typhoid-like  symptoms  cannot  be  distinguished 
culturally  from  certain  bacilli  of  Group  I.,  whilst  there  are 
others  which  can  be  so  distinguished. 

The  main  object  of  this  paper  is  to  give  in  some  detail  the 
comparative  experiments  made,  and  to  see  if  any  satisfactory 
bacteriological  classification  can  be  arrived  at.  It  must  be 
understood  that  most  of  the  tests,  especially  in  cases  where 
there  seemed  any  prospects  of  their  assisting  in  the  classifica- 
tion, were  made,  not  once  or  twice,  but  several  times  so  as  to 
eliminate,  as  far  as  possible,  sources  of  error. 

A  few  of  the  less  important  methods  of  differentiation 
may  be  touched  upon  to  begin  with. 

]\Ioi'pIiologically  the  intermediates  cannot  be  distinguished 
among  themselves,  nor  with  any  degree  of  certainty  from  B. 
coli  communis  or  B.  typhosus. 

Biologically  the  differences  on  ordinary  media  such  as 
agar,  serum,  gelatin,  and  bouillon  are  only  those  of  degree 
and  cannot  afi'ord  much  assistance  for  diagnosis. 

Potato  is  notoriously  an  uncertain  medium  to  deal  with, 
and  comparative  trials  were  found  to  be  misleading  rather 
than  helpful.  As  a  rule  those  intermediates  which  are  classi- 
fied later  on  as  Group  I.  grow  less  freely  than  B.  coli  com- 
munis, but  the  growth  is  distinctly  visible,  whilst  Group  II. 
resembles  typhoid ;  but  these  differences  cannot  be  relied 
upon. 
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INDOL   1-ORMATION. 


Cusliing  found  that  his  Bacillus  O  would  produce  traces 
of  indol  in  nine  or  ten  days  when  grown  in  sugar  free  broth, 
but  on  repeating  the  experiment  he  could  detect  no  indol. 
Peckham  observed  that  sugar  free  broth  was  superior  to 
Dunham's  peptone  solution  for  experiments  on  the  produc- 
tion of  indol,  so  after  a  few  negative  trials  with  the  latter 
sugar  free  broth  was  chosen  for  systematic  comparative  tests, 
which,  however,  were  not  carried  on  far,  since  it  was  obvious 
from  the  first  that  they  would  not  assist  in  classification. 
One  test  was  made  in  the  following  way: 

Six  tubes  were  inoculated  each  day  for  ten  days  in  suc- 
cession with  B.  coli  communis,  Gartner,  O,  Gwyn,  Case  7, 
and  B.  typhosus,  and  on  the  eleventh  day  all  tested  at  the 
same  time.  It  was  found  that  B.  coli  communis  began  to 
show  indol  at  the  end  of  forty-eight  hours ;  the  intensity  in- 
creasing day  by  day  until  a  deep  red  color  was  produced. 
None  of  the  others  gave  the  reaction. 

Two  tests  were  made  of  the  whole  series  with  different  lots 
of  broth,  one  tube  of  each  organism  being  grown  for  ten 
days.  Malcomb  gave  reactions  fully  equal  to  those  of  the  con- 
trol B.  coli  communis,  but  none  of  the  others  showed  more 
than  a  trace  of  color,  not  sufficient  to  register  as  positive. 

Although  a  few  authors  claim  to  have  observed  slight 
indol  formation  by  some  of  the  intermediates,  the  majority 
have  failed  to  confirm  this,  and  it  is  evident  that  the  indol 
test  is  unreliable  at  the  best. 

GROWTH    ON   SCR.\PED-OFF   CULTURES. 

Widal  and  Nobecourt  and  some  other  French  authors 
affirm  that  this  is  a  useful  method  of  distinguishing  the  inter- 
mediates as  a  group  from  the  B.  coli  communis  and  B. 
typhosus.  They  tested  it  with  a  paracolon  obtained  from 
an  abscess,  Thomassen's  bacillus  of  calf  septicemia,  and  JB. 
psittacosis.  On  growing  cultures  of  these  on  agar  for  three 
days  and  then  scraping  off  the  growth  they  found  that  B. 
typhosus  would  not  grow  on  the  medium,  but  B.  coli  com- 
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munis  grew  quite  freely.  On  the  other  hainl,  their  three  in- 
termediates would  grow  on  scraped-off  typhoid  cultures,  but 
not  on  colon  cultures,  nor  would  they  grow  among  them- 
selves under  these  conditions.  Achard  and  Bensaude  ob- 
tained less  positive  results,  but  appear  to  think  the  method  of 
value. 

Gushing  made  some  trials  on  these  lines,  but  with  very 
indifferent  success,  and  my  experiences  coincide  with  his. 
Both  serum  and  agar  cultures  were  tried  with  very  conflict- 
ing results  which  are  not  worth  tabulating.  Absolutely  no 
assistance  was  rendered  by  them  towards  classifying  the  in- 
termediates among  themselves,  and  even  as  applied  to  the 
entire  group  the  method  appears  to  be  of  doubtful  value. 

SEMISOLID   MEDIA. 

Trials  with  five  per  cent  gelatin  and  Hiss'  semi-solid  gela- 
tine agar  were  made,  both  in  culture  tubes  and  by  plating 
out,  but  with  negative  results. 

Hiss'  most  recent  medium   for  plating  out  was  also  tested. 

Agar        .          .          .  15  grammes. 

Meat  extract    .          .  5  grammes. 

Glucose  ...  10  grammes. 

Water      .          .          .  looo  cubic  centimeters. 

Although  this  medium  is  untloubtedly  valuable  for  distin- 
guishing between  colon  and  typhoid,  colonies  of  the  interme- 
diates usually  resemble  those  of  typhoid  too  closely  to  be 
distinguished  from  them  with  any  certainty.  No  constant 
difference  between  the  intermediates  themselves  could  be 
observed. 

Pathogenesis. 

Every  one  who  has  at  any  time  isolated  an  intermediate 
has  tested  its  pathogenic  properties  and  a  review  of  all  this 
work  makes  only  one  thing  clear,  and  that  is  that  it  has 
advanced  our  knowledge  —  not  one  iota. 

Experiments  on  the  pathogenicity  of  the  intermediates 
were  therefore  not  attempted. 
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MILK. 

Milk  is  not  coagulated  by  any  of  the  intermediates,  but 
some  of  them,  after  initial  acidity,  produce  by  degrees  suffi- 
cient alkali  to  dissolve  the  casein  and  so  render  the  milk 
opalescent.  This  subsequent  alkalinity  does  not  occur  with 
typhoid,  the  cultures  becoming  acid  to  litmus  and  remaining 
so  permanently. 

The  alkali  production  occurs  only  in  the  presence  of  air, 
and  Gushing,  growing  intermediates  in  fermentation  tubes, 
found  that  the  milk  remained  acid  in  the  closed  arm  whilst 
the  alkali  production  was  confined  to  the  bulb. 

He  noticed  that  his  Bacillus  O  and  Gwyn's  paracolon 
bacillus  produced  much  less  alkali  than  the,  at  that  time  much 
better  known,  Gartner  group,  and  his  photographs  show  that 
Gwyn's  bacillus  in  four  weeks  appeared  much  less  translucent 
than  Bacillus  O,  although  he  does  not  mention  this  in  the  text. 
Schottmiiller  lays  great  stress  on  the  alkali  production  for 
the  recognition  of  intermediates,  but  of  his  si.x  cases,  Barg 
and  Mliller  only  appeared  slightly  opalescent  after  several 
weeks,  whilst  the  other  four  became  decidedly  so  in  two  to 
four  weeks.  Durham  has  observed  the  same  thing,  but  holds 
that  the  opalescence  is  of  little  value  for  diagnosis,  since  man\- 
other  kinds  of  bacilli  will  cause  a  gradual  clearing  of  milk. 

However,  granted  that  certain  bacilli  are  intermediates,  it 
is  evident  from  Schottmiiller's  and  Cushing's  observations 
that  there  are  differences  among  them  in  milk  cultures,  and 
it  is  worth  while  to  consider  if  these  differences  will  assist  in 
grouping  them.  Several  tests  were  made  and  the  results 
found  to  be  constant. 

Coagulation  in  forty-eight  hours,  B.  coli  com- 
munis. 
lO  days.  —  Slightly  opalescent.  —  Hog  cholera.  Typhi  mu- 
rium, Gartner,  Hatton,  Strong,  Malcomb,  Lib- 
man's  X,  Seemann,  Kurth. 
20  days.  —  Distinctly  opalescent.  —  Hog  cholera.  Typhi 
murium,  Gartner,  Hatton,  Strong,  Malcomb, 
Libman's  X,  Seemann,  Kurth.  Average  alka- 
linity five-tenths  per  cent  phenolphthalein. 
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20  days.  —  Slightly  opalescent. — Bacillus  O.     Neutral. 
20  days.  —  Opaque. —  Gvvyn,    Badach,    Milevvsky,    Noonan, 
Mliller,  Case  7.    Average  acidity  one  per  cent. 
Control ;   acidity,  one  and  five-tenths  per  cent. 

The  opalescence  of  the  milk  has  always  been  attributed 
to  the  alkalinity,  but  the  clearing  is  often  slightly  apparent 
even  before  the  milk  has  reached  the  neutral  point  to  phe- 
nolphthalein,  so  that  it  becomes  a  question  whether  it  may 
not  be  due,  partially  at  any  rate,  to  production  of  casease  by 
the  bacilli. 

Neither  the  intermediates  nor  typhoid  will  ferment  lactose 
even  to  the  extent  of  acid  formation,  but  acidity,  as  first 
shown  by  Theobald  Smith,  cannot  be  produced  except  from 
a  fermentable  carbo-hydrate.  Both  typhoid  and  the  inter- 
mediates can  ferment  glucose  and  other  mono-saccharids,  the 
former  without  and  the  latter  with  production  of  gas. 

Typhoid  produces  COo  in  glucose  media,  but  not  more 
than  can  be  absorbed,  so  that  there  are  no  visible  gas  bub- 
bles. In  speaking  of  gas  formation  in  this  paper  only  visible 
gas  formation  will  be  indicated. 

Theobald  Smith,  therefore,  concluded  that  there  must  be  a 
second  sugar,  probably  glucose  or  galactose,  present  in  milk, 
to  the  fermentation  of  which  the  permanent  acidity  of  typhoid 
and  the  initial  acidity  of  the  intermediates  are  due. 

It  was  thought,  therefore,  that  if  this  second  sugar  could 
be  previously  got  rid  of  the  opalescence  might  appear 
earlier,  and  to  effect  this  sterilized  milk  in  bulk  was  inocu- 
lated with  typhoid  and  incubated  for  three  days.  Then 
boiled,  brought  to  its  initial  reaction,  tubed,  and  after  sterili- 
zation inoculated  with  the  various  organisms.  The  opales- 
cence under  these  conditions  was  noticeable  somewhat  earlier, 
but  tliere  was  no  marked  advantage  in  adopting  this  method. 

LITMUS    MILK. 
E.xperimcnts  with    litmus  milk  arc  practically   repetitions 
of  those  with   plain  milk,  but  the  color  enables  one  to  judge 
at  a  glance   if  the  culture   is   more   or  less  alkaline  than   the 
controls. 


Besides  this,  in  cases  where  there  is  alkali  production  the 
litmus  milk  turns  blue  long  before  there  is  any  visible  opal- 
escence in  plain  milk,  so  that  there  is  a  considerable  saving 
in  time  in  making  a  diagnosis. 

It  was  found  that  after  an  initial  slight  acidity  the  milk 
would  appear  slightly  more  blue  than  the  controls  in  about 
five  days  with  Hog  cholera,  Typhi  murium.,  Gartner,  Hatton, 
Strong,  Malcomb,  Libman's  X,  Seemann,  Kurth,  and  the  blue 
color  would  continue  to  increase  in  intensity;  the  average  at 
the  end  of  ten  days  being  about  five-tenths  per  cent  to 
phenolphthalein. 

Bacillus  O  is  somewhat  erratic.  It  will  sometimes  turn  the 
milk  blue  almost  as  quickly  as  the  above,  and  at  other  times 
will  remain  acid  for  a  considerable  time. 

The  following  remain  acid  for  ten  days:  Gwyn,  Badach, 
Milewsky,  Noonan,  Miiller,  and  Case  7 — the  final  acidity 
being  about  one  per  cent. 

On  previously  treating  litmus  milk  with  typhoid  there  is 
onlj'  a  trace  of  initial  acidity  with  an)'  of  the  intermediates. 

In   Two  Days. 

{a.)  Slightly  more  blue  than  control:  Hog  cholera. 
Typhi  murium,  Gartner,  Hatton,  Strong,  Malcomb,  Libman's 
X,  Seemann,  Kurth. 

(b.)     Like  controls  :    Bacillus  O. 

(c.)  Faintly  acid:  Gwyn,  Badach,  Milewsky,  Noonan. 
Miiller,  Case  7. 

/;/    Tfn  Days. 

(a.)  Very  blue:  Hog  cholera,  Typhi  murium,  Gartner, 
Hatton,  Strong,  Malcomb,  Libman's  X,  Seeman,  and  Kurth. 
Average  alkalinity,  five-tenths  per  cent  to  phenolphthalein. 

(d.)     Somewhat  less  blue  :    Bacillus  O.     Neutral. 

(c.)  Like  controls :  Gwyn,  Badach,  Milewsky,  Noonan, 
Muller,  and  Case  7.     Average  acidity  one  per  cent. 

Controls  ;    acidity,  one  and  five-tenths  per  cent. 

The  previous  treatment  with  typhoid  enables  the  differ- 
ences to  be  observed  much  earlier,  but  there  is  no  saving  in 
time   unless  the    medium   is  ready   for   use.     It  might,  how- 


COMPARATIVE   STUDY   OF   BACILLI.  211 

ever,  be  found  advantageous  to  prepare  all  one's  stock  litmus 
milk  free  of  the  second  sugar  in  this  way,  so  as  to  have  it 
read)-  for  an  emergency.  Alkali  production  could  then  be 
much  more  quickly  noted  at  any  time  than  with  litmus  milk 
not  so  treated,  and  this  would  no  doubt  hold  good  for  many 
bacteria  other  than  the  intermediates. 

Pctniscliky  s  Litmus    Wlicy. 

Durham  places  great  reliance  on  this  medium  as  a  means 
of  differentiating  between  the  various  colon  groups  including 
B.  lactis  aerogenes  and  B.  typhosus,  but  it  must  be  confessed 
that  New  York  whey  failed  to  afford  the  same  results  as  he 
obtained  with  the  English  variety.  He  found  that  B.  coli 
communis  clouds  the  whey,  and  makes  it  permanently  acid. 
The  Gartner  group  cloud  it,  but  after  an  initial  acidity  there 
is  in  four  days  a  production  of  alkalinity  which  goes  on  in- 
creasing, whilst  with  typhoid  the  whey  remains  clear  but 
becomes  permanently  slightly  acid.  Bacillus  O  and  B. 
Gwyn  which  he  distinguishes  from  the  Gartner  group  behave 
in  litmus  whey  very  similarly  to  B.  typhosus,  in  that  there  is 
no  subsequent  production  of  alkali  and  very  slight  cloudiness. 

Schottmiiller  found  ten  days  to  elapse  before  there  was 
sufficient  alkalinity  for  the  blue  color  to  be  regained,  and  as 
with  milk  his  Barg  and  MLiller  differed  from  the  other  four; 
producing  permanent  acidity  so  that  they  were  not  dis- 
tinguishable from  typhoid.  These  observations  could  not 
be  confirmed  in  their  entirety.  It  is  true  that  those  inter- 
mediates which  cause  milk  to  become  opalescent  in  ten  to 
twenty  days  cloud  the  whey  much  more  than  the  others. 
Bacillus  O  appearing  to  hold  an  intermediate  position  in  this 
respect,  but  the  acidity  remained  unchanged  in  all  of  them 
for  three  weeks,  so  that  the  only  difference  was  in  the  degree 
of  clouding,  —  a  rather  uncertain  factor  on  which  to  depend 
for  diagnosis. 

If,  however,  the  whey  is  first  treated  with  typhoid  as  al- 
ready described  for  milk  in  order  to  get  rid  of  the  second 
sugar,  much  more  positive  results  can  be  obtained.  In  this 
case  B.  coli  communis  causes   marked  cloudiness  and  pcrma- 
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p.cnt  acidity,  whilst  typhoid  cultures  remain  clear  and  form 
no  acid. 

There  is  initial  acidity  with  all  the  intermediates,  but  in 
four  or  five  days  they  begin  to  show  differences: 

{a.)      Cloudy  and  acid:    Hog  cholera  and  Seemann. 

(6.)  Cloudy  and  slightly  alkaline :  Typhi  murium,  Giirt- 
ner,  Hatton,  Strong,  Malcomb,  Libman's  X,  and  Kurth. 

(c.)      Slightly  cloudy  and  alkaline  :    O. 

(d.)  Slightly  cloudy  and  acid:  Gwyn,  Badach,  Milcwsky, 
Noonan,  Miiller,  and  Case  7, 

In  three  weeks. 
Aver,  alk. 

Group  (rt)  become  alkaline  in  two  to  three  weeks,  .1  per  cent. 
Group  (^)  become  rapidly  more  alkaline  .      i  per  cent. 

Group  (c)  becomes  more  alkaline     .  .  .    .3  per  cent. 

Aver.  acid. 

Group  (</)  acidity  permanent  ....  2.2  percent. 
Controls  .  .  .  .  .  .  .    .5  per  cent. 

It  is  rather  puzzling  to  account  for  the  much  greater 
initial  acidity  in  litmus  whey  than  in  litmus  milk  when  first 
treated  with  typhoid,  but  presumably  typhoid  is  able  to 
grow  so  sparingly  in  the  former  that  it  is  unable  to  reduce 
all  of  the  second  sugar,  which  must  here  be  somewhat  more 
concentrated  than  in  the  original  milk.  In  any  case,  how- 
ever, so  far  as  differentiating  between  the  intermediates  is 
concerned,  litmus  whey  seems  to  be  less  valuable  than  litmus 
milk.  Not  only  is  it  much  more  troublesome  to  prepare, 
but  the  alkali  production  is  not  noticeable  so  early  as  with 
the  milk,  even  when  it  is  previously  treated  with  typhoid. 

On  reviewing  the  experiments  with  milk  and  whey  wc 
find  that  the  intermediates  fall  into  two  distinct  groups. 
Bacillus  O  appearing  to  hold  a  somewhat  intermediate 
position. 

The  table  then  may  be  rearranged  in  accordance  with  the 
groups.  Malcomb  being  put  first  since  it  forms  indol  freely 
and,  therefore,  appears  somewhat  nearer  to  B.  coli  com- 
munis than  the  others. 
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Group  I. 

Case. 

Intermediate. 

Case. 

Group  II. 

Case. 

1.  Malcomb  

Irregular. 

10.  Cushing*sO. 

Typhoidal. 

n.  Gwyn    ... 

Typhoidal. 

.• 

.;.  llofrcliolcni  ... 

13.  Milewsky. 

|.  Typhi  murium  . 

.4.  Noonan.. 

5.  Glirtncr 

•1.  Ilattoii   

Meat  poi. 
sdning. 

Meat  poi- 
soning. 

.5.  Muller... 
16.  Case  7.... 

7.  Lihman's  .\.... 

Typhoidal. 

'. 

9.  Seemann 

GAS    TRODUCTION. 

It  is  generally  recognized  that  the  intermediates  can  be 
distinguished  from  typhoid  by  their  power  of  fermenting  the 
disaccharid  maltose  and  all  the  monosaccharids  with  forma- 
tion of  visible  gas.  On  the  other  hand  they  can  be  dis- 
tinguished from  B.  coli  communis  by  their  inability  to  form 
acid  or  gas  in  lactose  media,  but  Durham  and  Gushing,  so 
far  as  I  am  aware,  arc  the  only  ones  who  have  published 
observations  on  differences  in  gas  production  among  the 
intermediates  themselves.  Durham  found  that  Gartner  and 
its  allies  would  form  gas  from  glucose  and  other  monosac- 
charids in  Dunham's  peptone  solution,  but  that  Bacillus  O 
and  B.  Gwyn  would  not.  Dr.  Hewlett,  of  the  New  York 
Hospital,  informs  me  that  he  could  not  confirm  this  observa- 
tion of  Durham's,  but  finds  that  all  the  intermediates  he  has 
tested  will  form  gas  under  these  conditions. 

Gushing  remarked  that  Bacillus  O  and  B.  Gwyn  in  dex- 
trose bouillon  produced  gas  more  slowly  than  the  other 
intermediates  —  only  about  half  as  much  in  the  first  twenty- 
four  hours  —  and  the  same  was  the  case  with  mannite  so 
far  as  Bacillus  O  was  concerned. 

In  the  following  experiments  it  was  found  that  all  the  in- 
termediates would  ferment  maltose,  glucose,  galactose,  fruc- 
tose, mannite,  dextrin,  and  yeast  broth  with  production  of 
gas,  but  not  lactose. 
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Inulin,  gum  arable,  and  calcium  lactate  were  also  tried 
with  negative  results. 

Where  peptone  bouillon  was  used  as  a  basis  it  was  pre- 
pared sugar  free  by  Theobald  Smith's  method,  and  after  test- 
ing with  B.  Coli  Communis  one  per  cent  of  the  sugar  or 
other  material  was  added. 

Bent  tubes  of  which  the  closed  arm  is  one  hundred  milli- 
meters in  length  were  used,  so  that  the  measurements  given 
in  millimeters  of  the  gas  formed  will  afford  an  idea  of  the 
relative  amounts. 

The  amount  of  carbon  dioxid  formed  was  tested  in  many 
instances  by  lime  water,  but  this  was  not  found  to  assist  in 
the  classification  to  any  extent.  As  a  general  rule,  however, 
there  appeared  to  be  a  rather  larger  percentage  in  the  cases 
where  fermentation  was  rapid  than  where  it  was  slow. 

It  was  not  thought  worth  while  to  test  the  percentage  of 
acid  or  alkali  formed.  Occasional  rough  tests  with  litmus 
afforded  no  definite  results,  and  it  did  not  seem  as  if  accu- 
rate observations  would  lead  to  an\-tliincr. 


GAS   PRODUCTION. 

SUGAR   FREE   BOUILLON. 
Glucose,  one  per  cent. 


Fermentation  com- 

Average gas  in  mm. 

plete  in 

iRt  day. 

2d  day. 

3d  day. 

35-40 
30 

35 

Malcomb,  Hog    cholera.  Typhi   mu- 
rium, Gartner,   Halton,  Libman's  X, 
Kurth,  Seemann 

Higliest    first  day,   39   mm.    Lowest, 
24  mm. 

0,  Gwyn,  Badach,  Milewsky,  Noonan, 

16 

Highest    first   day,  22  nim.     Lowest, 
10  mm. 

Ml! Hose,  one  per  cenL 

21 

12 

14 

■5 

30 
14 

•7 
22 

0,  Gwyn,  Badach,  Milewsky,  Noonan, 
Miiller,  Case  7 , 

- 

Malcomb,    Typhi    murium,    Gartner, 
Hatton,  Libman's  X,  Kurth,  Seemann. 

26 
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GAS   PRODUCTION. 

PEPTONE  SOLUTION. 
Glucose,  one  per  cent. 


',  days  . 


Coli  Communis 

Malcomb,  Strong,  Hog  cholera,  Ty- 1 
phi  murium,  Gartner,  Ualton,  >- 
Libman's  X,  Kurth,  Seemann ...  J 

O,  GwyHjEadach,  Milewski,  Noonan,  1 
Miiller,  and  Case  7 / 

Maltose,  one  per  cent. 

Coli  Communis 

Malcomb,  Strong,  Hog  cholera,  Ty-  1 
phi  murium,  Gartner,  Hatton,  >■ 
Libman's  X,  Kurth,  Seemann  ...  J 

Hatton,  Malcomb,  and  Kurth  formed 
a  little  more  by  third  day. 

Highest  on  second  day,  33  mm.  Low- 
est, 17  mm. 

O,  Gwyn,Badach,  Milewski,  Noonan,  "| 
Miiller,  and  Case  7 / 

Highest  on  second  day,  13  mm.  Low- 
est, 9  mm. 


Average  gas  i 


St  day.  2d  day.  3d  day. 


:i6 


CAS    PRODUCTION. 

SUGAR   FREE  BOUILLON. 
Galactose,  one  per  cent. 


Average  gas  in  mm. 

picte  in 

I  St  day. 

2d  day. 

3d  day- 

Coli  Communis 

Malcomb,  Strong,  Hog  cholera,  Ty- 1 
phi  murium,  Gartner,  Hatton,  Lib-  > 
man's  X,  Kurth,  and  Seemann. . .  j 

0,Gwyn,  Badach,  Milewski,  Noonan,  1 
Muller,  and  Case  7  J 

Fructose,  one  per  cent. 

Coli  Communis 

Malcomb,     Strong,    Gartner,     Hog"! 
cholera.  Typhi   murium,   Hatton,  \ 

37 
26 

6 

40 
25 
16 

34 
18 

35 
27 

^ 

23 

- 

0,Gwyn,  Badach,  Milewski,  Noonan,  I 
Miiller,  and  Case  7 \ 

more. 

GAS   PRODUCTION. 

SUGAR  FREE  BOUILLON. 

Mannite. 


Fermentation  com- 

Average  gas  in  mm. 

I  St  day. 

2d  day. 

3d  day. 

67 
38 
25 

16 
13 

77 
48 

37 

30 
23 

'1  Malcomb,  Strong,  Typhi    murium,  1 
[    Gartner,  Hatton,  Kurth,  Seemann,  / 

43 

First  day,  highest,  55  mm.    Lowest, 
24  mm. 

Badach,  Miiller 

3  days  

0,  Gwyn,  Milewsky,  Noonan,  Case  7. . 

First  day,  highest,    19  mm.    Lowest 
10  mm. 

28 

• 
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The  tables  are  compiled  from  two  complete  trials  of  the 
whole  series  in  different  batches  of  bouillon;  other  trials, 
each  less  complete  in  itself,  afforded  similar  results. 

Gas  Production. 

Yeast  broth  prepared  by  Spronck's  method  is  uncertain. 
One  batch  failed  to  give  any  gas  formation  at  all  with  any  of 
the  intermediates  or  B.  coli  communis,  but  as  a  rule  there 
is  a  slight  production  of  gas,  more  noticeable  —  about  twelve 
millimeters — with  Group  II.  than  with  Group  I., — about 
eight  millimeters,  —  and  least  of  all  with  B.  coli  communis, 
which  shows  little  more  than  a  bubble. 

B.  coli  communis  and  Group  I.  produce  no  further  gas 
after  the  first  twenty-four  hours,  but  Group  II.  generally  goes 
on  fermenting  for  three  days.  But  yeast  broth  is  trouble- 
some to  prepare,  and  after  the  failure  of  one  entire  batch  it 
was  not  tried  again,  since  at  the  best  it  is  inferior  to  glucose 
or  mannite  for  differentiation.  But  the  fact  that  B.  coli 
communis  in  yeast  broth  forms  less  gas  than  any  of  the 
intermediates  seems  to  indicate  that  the  fermentable  carbo- 
hydrate cannot  be  a  sugar.  Since  dextrine  would  very  likely 
be  present  in  yeast,  one  per  cent  solutions  in  sugar  free 
bouillon  were  tried  with  results  very  similar  to  those  obtained 
by  yeast  broth  ;  somewhat  more  gas,  however,  being  formed 
by  all  the  organisms.  An  experiment  was  made  by  growing 
B.  coli  communis  in  one  per  cent  dextrine  in  bulk.  After 
sterilizing  and  neutralizing  it  was  put  into  fermentation  tubes 
and  inoculated  with  intermediates,  but  no  gas  was  produced. 
It  may  be  worth  while  to  follow  up  this  question  of  gas  pro- 
duction in  yeast  broth  and  dextrin  solutions  at  some  future 
time,  but  it  is  doubtful  if  much  can  be  learnt  from  the  latter. 
The  term  dextrin,  as  proved  by  Brown  and  Morris,  covers  a 
multitude  of  inversion  products  intermediate  between  starch 
and  maltose,  and  it  is  not  likely  that  these  would  ever  be 
present  in  the  same  proportions  in  the  various  commercial 
dextrins. 

On  reviewing  the  tables  we  find  that  there  is  distinctly  less 
gas  production   by  Group   II.,  including  Bacillus  O,  than  by 
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Group  I.,  and  that  the  action  by  the  former  is  usually  some- 
what slower. 

The  differences  are  best  brought  out  by  tjlucosc,  Group  II. 
taking  three  days  to  complete  the  fermentation  in  bouillon, 
and  producing  only  half  as  much  gas  as  Group  I.,  the  highest 
quantity  of  gas  with  II.  always  falling  below  the  lowest  with  I. 
Glucose  in  peptone  solution  is  even  better  for  differentiation, 
the  mere  bubble  of  gas  formed  by  Group  II.  almost  coincid- 
ing with  Durham's  observation  that  Bacillus  O  and  B.  Gwyn 
form  no  gas  in  this  medium. 

Photographs  3  and  4  show  the  progress  of  gas  formation 
in  glucose  media,  the  marks  indicating  the  gas  formation  day 
by  day.  Where  the  level  of  the  fluid  stands  a  little  higber 
than  the  lowest  mark  this  is  due  to  contraction  of  the  gas  on 
cooling  down  after  being  taken  out  of  the  incubator. 

Mannite  also  differentiates  well,  the  highest  of  Group  II. 
in  twenty-four  hours  being  five  millimeters  below  the  lowest 
of  Group  I. 

With  maltose,  galactose,  and  fructose  the  fluctuations 
are  greater,  so  that  the  differences  between  certain  individuals 
of  each  group  are  not  so  great  as  the  averages  would  seem 
to  indicate. 

COLORED   MEDIA. 

Rothberger  in  1898  first  advocated  the  use  of  neutral  icd 
agar  for  differentiation  between  B.  coli  communis  and  B. 
typhosus,  the  latter  having  no  action  on  the  color,  whilst  the 
former  in  twenty-four  hours  reduces  it  to  a  bright  yellow 
with  a  marked  greenish  fluorescence.  Since  then  neutral  red 
agar  has  come  into  very  general  use,  Makgill  and  Savage 
(1901)  recommending  it  very  strongly  as  a  means  of  testing 
for  the  presence  of  B.  coli  communis  in  water. 

Schottmiiller  tried  it  with  his  cultures  and  found  that  they 
reacted  like  B.  coli  communis,  the  color  being  changed  to 
yellow  in  twenty-four  to  forty-eight  hours. 

The  formula  is : 

Neutral  plain  agar 100  cubic  centimeters. 

Sat.  aq.  sol.  of  neutral  red  ....  i  cubic  centimeter. 

Glucose 3  grams. 
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About  eight  to  ten  cubic  cciUimeters  are  put  into  each  tube 
and  either  deep  stick  or  shake  cultures  made,  the  latter  af- 
fording more  uniform  results.  Very  striking  effects  were 
obtained  with  this  medium. 

B.  coli  communis  changes  the  color  more  rapid))'  than  .uiy 
of  the  intermediates,  the  yellow  showing  throughout  the 
tube  in  twenty-four  hours.  With  Group  I.  of  the  intermedi- 
ates there  is  still,  usually  though  not  invariably,  a  narrow 
band  of  red  at  the  surface  in  twenty-four  hours,  but  in  forty- 
eight  hours  the  medium  is  entirely  yellow.  With  Group  II. 
there  is  no  change  in  twenty-four  hours  except  partially  in 
the  case  of  Bacillus  O,  but  in  forty-eight  hours  to  three  days 
the  medium  becomes  yellow  except  for  a  depth  of  about  two 
to  five  millimeters,  at  the  surface.  In  both  groups  as  with  B. 
coli  communis  there  is  a  considerable  evolution  of  gas  in 
twenty-four  hours.  B.  typhosus  and  B.  dysenterise  form  no 
gas  and  the  color  remains  permanently  unchanged. 

After  four  or  five  days  the  red  color  begins  to  return  from 
above  downwards  with  all  the  members  of  Group  II.,  and 
gradually  spreads  until  in  three  weeks  or  sometimes  less  the 
medium  appears  red  again  throughout,  whilst  with  Group  I. 
the  yellow  color  is  permanent.  The  only  exceptions  to  this 
rule  are  Seemann  and  Bacillus  O.  About  once  in  three  or 
four  trials  the  former  would  regain  color  though  slowly,  and 
the  latter  would  not,  so  that  these  two  appear  to  hold  an  in- 
termediate position  between  the  two  groups  so  far  as  the 
reaction  is  concerned.  None  of  the  others  ever  failed  to  fall 
into  their  own  group. 

The  colored  plate  serves  as  an  illustration. 

Neutral  red,  therefore,  does  not  differentiate  very  clearly 
between  B.  coli  communis  and  Group  I.,  but  is  probably  the 
most  valuable  medium  we  have  for  distinguishing  the  two 
groups  among  the  intermediates  themselves.  No  mention  of 
this  subsequent  return  of  the  color  could  be  found  in  any  of 
the  published  accounts,  nor  can  any  explanation  of  the 
reason  for  it  be  offered. 

Toward  sodium  sulph-indigatc  the  intermediates  react  in 
the  same   manner,   and  the   return  of  the  blue-green  color  in 
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Group  II.  is  even  more  rai)icl  than  with  neutral  red.  Hut  tlio 
color  fades  naturally  even  in  the  controls  after  eight  to  ten 
days,  so  that  this  dye  will  probably  not  prove  to  be  reliable. 

Other  colored  media  were  also  tried  and  somewhat  similar 
results  were  obtained  with  safifranin  and  methylene  blue,  but 
the  reaction  seems  more  uncertain.  Fuchsin,  night  blue,  Bis- 
marck brown,  and  some  other  anilin  dyes  were  also  tried  but 
with  indifferent  success. 

Fermentation  and  colored  media  tests  therefore  show  that 
the  intermediates  group  themselves  in  the  same  manner  as 
when  tried  with  milk  and  whey,  B.  Seemann  and  Bacillus  O 
appearing  to  be  a  little  undecided  as  to  which  group  they 
belong  to.  On  the  whole,  however,  B.  Seemann  appears  to 
be  more  closely  allied  to  Group  I  ,  and  Bacillus  O  to  Group 
II.,  so.  that  they  may  be  assigned  to  these  respectively. 

Culturally  it  is  evident  that  there  are  two  distinct  groups 
among  the  intermediates,  and  of  these  Group  I.  appears, 
especially  in  regard  to  gas  production  and  behavior  in 
colored  media,  to  stand  nearer  to  B.  coli  communis  than 
Group  II.  It  is  therefore  proposed  to  call  the  groups  para- 
colons and  paratyphoids  respectively,  these  terms  appearing 
the  more  suitable  in  that,  so  far  as  is  known  at  present,  the 
members  of  Group  II.  cause  no  infections  in  man  other  than 
typhoidal. 

It  now  remains  to  determine  if  these  are  groups  in  the 
sense  that  the  various  strains  of  B.  coli  communis  form  a 
group,  or  constitute  two  distinct  species  in  the  sense  that  the 
typhoid  bacillus  is  a  distinct  species.  Agglutination  tests 
alone  can  help  us  to  decide  this  question.  Since  the  para- 
typhoids are  so  much  alike  in  their  pathogenic  properties, 
it  seems  probable  that  they  are  a  species  rather  than  a 
group. 

AGGLUTINATION. 

A  few  of  the  published  observations  may  be  summarized 
as  an  introduction  to  the  subject. 

To  begin  with,  Achard  and  Bcnsautlc  (1896),  isolated  two 
paratyphoid  bacilli  which    were  clumped   by  serum    of   the 
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patients,  and  slightly  by  typhoid  serum.  Three  cultures  of 
Nocard's  B.  psittacosis  from  different  sources  were  chimped 
by  the  serum. 

Widal  and  Nobecourt  (1897)  obtained  a  paracolon  bacillus 
from  a  thyroid  abscess,  which  was  clumped  (one  to  one 
thousand)  by  the  patient's  serum,  but  the  serum  was  practi- 
cally inactive  (one  to  one  hundred)  on  a  whole  series  of 
allied  forms,  colons,  paracolons,  including  B.  psittacosis, 
and  B.  typhosus.  Gushing  (1900)  found  that  serum  of  the 
patient  from  which  his  Bacillus  O  was  isolated  clumped 
it  strongly  up  to  one  to  eight  thousand,  but  was  negative 
to  B.  Gwyn,  B.  coli  communis,  and  B.  typhosus.  Later 
the  blood  of  a  rabbit  inoculated  with  Bacillus  O  clumped 
this  bacillus  and  showed  slight  reaction  to  the  bacillus 
of  hog  cholera.  The  latter  was  then  injected,  with  the 
result  that  the  rabbit's  serum  was  active  to  Bacillus  O,  and 
the  bacillus  of  hog  cholera  (one  to  five  thousand),  but 
practically  negative  to  all  others  of  the  group  including  B. 
Gwyn. 

Durham  prepared  a  rabbit's  serum  with  B.  Gwyn  which 
clumped  it  (one  to  twenty  thousand),  but  had  not  the  slight- 
est effect  upon  Bacillus  O  (one  to  one  hundred),  whilst  with 
serums  prepared  from  the  Gartner  group  he  found  but  few 
that  would  interact.  He  concluded,  therefore,that  the  clump- 
ing test  has  only  a  limited  value  in  the  diagnosis  of  species. 

Schottmiiller  observed  that  his  B.  Seemann  and  three 
others,  which  culturally  belong  to  our  Group  I.,  would  in- 
teract but  slightly  with  Barg  and  Miiller,  Group  II.,  but 
among  themselves  much  more  decidedly. 

Kurth's  two  bacilli  interacted,  and  were  also  clumped  by 
the  serum  of  three  other  typhoidal  cases  in  which  the  Widal 
reaction  was  negative  with  typhoid. 

It  did  not  then  appear  on  reviewing  the  literature  as  if  the 
agglutination  test  would  be  of  much  value  for  classification 
purposes,  but  in  this  expectation  I  was  agreeably  disap- 
pointed, for  a  series  of  experiments  on  rabbits  only  served  to 
accentuate  the  probability  of  Group  II.  constituting  a  distinct 
species  and  not  merely  a  group. 


A  few  preliminary  remarks  on  the  methods  adopted  may 
be  inserted. 

A  number  of  rabbits  were  immunized  to  various  organisms 
by  subcutaneous  injections  of  living  agar  cultures,  beginning 
with  one-twentieth  or  one-tenth  and  gradually  increasing  the 
amounts  until  a  whole  culture  could  be  used  without  harmful 
results.  Beyond  this  it  was  unnecessary  to  go,  as  the  object 
was,  not  to  get  very  highly  potent  serums,  but  to  have  them 
all  as  nearly  as  possible  equally  active  towards  their  own 
organisms.  The  injections  were  made  every  week  or  ten 
days. 

To  take  blood,  the  ear  was  shaved,  dried,  and  the  marginal 
vein  pricked  with  a  needle.  A  bulb  pipette,  as  used  for 
testing  the  alkalinity  of  the  blood,  containing  five  cubic 
centimeters  and  marked  at  twenty-five  one-thousandths  cubic 
centimeters  on  the  stem,  was  found  a  convenient  instrument; 
the  blood  being  drawn  up  to  twenty-five  one-thousandths  cubic 
centimeters  and  the  bulb  then  filled  with  sterilized  water. 

This  made  the  dilution  one  to  two  hundred  and  from  this 
further  dilutions  could  be  made.  The  pipette  was  thoroughly 
washed  out  between  each  operation  with  distilled  water, 
alcohol,  and  ether,  but  special  aseptic  precautions  were  not 
necessary,  since  the  scrum  was  always  tested  very  shortly 
after  being  drawn. 

It  was  found,  however,  that  it  could  be  kept  perfectly  well 
for  two  weeks  in  cold  storage  without  losing  its  efficiency. 

To  test  the  reactions  a  number  of  small  test  tubes  (3"  x 
1/2")  were  taken  and  hung  up  side  by  side  in  a  home-made 
wire  rack.  With  a  pipette  one  cubic  centimeter  of  diluted 
blood  was  run  into  each  of  the  tubes,  and  then  one  cubic 
centimeter  of  the  culture  to  be  tested  ;  broth  cultures  not 
over  twenty-four  hours  old  being  used  for  the  purpose.  The 
lowest  dilution  then  for  regular  routine  work  was  one  to 
four  hundred. 

In  looking  over  tables  of  reactions  it  is  very  confusing  to 
find  for  example  that  one  bacillus  is  acted  on  at  one  to  ten 
thousand,  another  at  one  to  two  thousand,  and  a  third  at  one 
to  two   hundred   and  so  on.     Such    tables    unless    they   are 
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closely  studied  are  of  no  value  in  giving  an  idea  of  mutual 
reactions.  It  was  thought  therefore  simpler  and  more  prac- 
tical to  take  a  definite  standard  for  interactions,  and  this  was 
fixed,  arbitrarily  it  must  be  confessed,  at  one  to  four  hundred 
in  four  hours.  It  may  be  mentioned,  however,  that  when 
there  were  mutual  reactions  at  one  to  four  hundred,  these 
practically  always  occurred  also  at  one  to  four  thousand,  in 
cases  where  the  rabbit's  serum  agglutinated  its  own  organism 
up  to  one  to  ten  or  twenty  thousand. 

Readings  were  taken  in  one,  two,  four,  and  twenty-four 
hours,  and  as  soon  as  flakiness  was  visible  to  the  eye  this 
was  marked  as  -(-.  After  the  clumps  had  all  fallen  to  the 
bottom  of  the  tubes  and  the  liquid  above  appeared  perfectly 
clear,  a  -(-  -|-  sign  was  used  as  an  indicator. 

(See  Plate  XVI.  Fig.  4.) 

Hanging  drops  were  frequently  made  as  controls,  but 
where  the  action  is  closely  watched  it  is  not  necessary  to  do 
this,  except  occasionally  so  as  to  make  sure  that  one  is  not 
falling  into  error.  It  not  infrequently  happens,  however, 
that  the  bacilli  will  gradually  sink  to  the  bottom  in  a  cloud, 
without  any  previous  visible  flakiness,  leaving  the  liquid 
above  quite  clear.  If  this  process  be  watched  it  can  be 
easily  distinguished  macroscopically  from  true  reaction, 
but  if  the  final  stage  alone  be  observed  mistakes  may  easily 
arise  unless  a  hanging  drop  be  made,  in  which  case  only 
small  atypical  clumps  can  be  seen,  the  majority  of  the  bacilli 
being  free  and  actively  motile.  It  was  found  that  t}'phoid 
more  especially  is  liable  to  show  this  pseudo-reaction. 
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The  accompanj-ing  tabic  is  given  as  an  example  of  the 
results  obtained.  The  Gwyn  rabbit  unfortunately  died  be- 
fore its  serum  was  tested  with  all  of  the  cultures.  Eleven 
serums  were  used  in  all,  over  five  hundred  tests  being  made 
at  the  standard  dilution  besides  a  large  number  of  others. 
No.  9,  called  7  +  Typhoid,  was  prepared  by  injections  of 
equal  quantities  of  Case  7  and  typhoid,  and  was  found  to 
agglutinate  all  of  Group  II.  and  typhoid.  Later  on  these 
were  discontinued  and  Hatton  used  for  injections.  I'he  serum 
No.  II  then  agglutinated  Hatton  in  addition  to  the  others. 
After  the  Bacillus  O  serum  had  been  thoroughly  tested,  injec- 
tions of  Bacillus  O  were  left  off  and  X  used  instead.  The 
serum  No.  10  then  agglutinated  X,  Kurth,  and  Seemann  with- 
out losing  its  activity  towards  Group  II.  The  results  obtained 
were  remarkably  constant,  the  only  exception  being  that  the 
Bacillus  O  rabbit  after  inoculation  with  Bacillus  O  for  two 
months  and  then  one  month  with  X  was  found  to  agglutinate 
the  Bacillus  of  hog  cholera,  though  slowly  and  somewhat 
imperfectly. 

Gushing,  as  has  already  been  remarked,  observed  that  the 
Bacillus  of  hog  cholera  reacted  slightly  with  the  serum  of. 
his  Bacillus  O  rabbit.  Although  it  has  not  been  mentioned 
before,  it  was  found  in  the  course  of  these  experiments  that  the 
Bacillus  of  Hog  cholera  has  a  tendency  to  form  rather  less 
gas  and  alkali  than  other  members  of  Group  I.,  so  that  it  may 
have  some  affinities  with  Group  II.  Still  the  evidences  in 
avor  of  this  are  so  slight  that  they  will  not  be  taken  into  con- 
sideration in  classifying. 

It  will  be  noticed  from  the  table  that  B.  Strong  reacted 
readily  with  all  of  the  serums. 

This  led  to  its  being  tested  with  normal  rabbit's  serum,  by 
which  it  was  agglutinated  just  as  quickly,  even  up  to  one  to 
four  thousand.  It  was  also  found  to  be  agglutinated  one  to 
four  hundred  by  normal  serum  of  man,  and  guinea-pig;  but 
not  by  that  of  a  monkey  or  dog.  No  explanation  can  be 
given  for  this  extraordinary  fact. 

Nor  can  any  explanation  be  offered  for  the  failure  by  Gush- 
ing   and    Durham    to    get    interactions   between    Bacillus   O 
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and  B.  Gwyn.  There  was  no  question  about  it  at  all  in  my  ex- 
periments, and,  in  doubt  at  one  time  as  to  whether  mine  was 
really  a  Bacillus  O  culture,  I  wrote  to  Dr.  Johnston  of  the 
Johns  Hopkins  laboratory,  who  kindly  sent  me  another, 
which,  however,  behaved  culturally  and  in  its  agglutinating 
properties  precisely  like  the  first. 

Dr.  Johnston  writes  that  in  his  own  experience  Bacillus  O 
interacts  imperfectly  with  other  members  of  Group  II.  Dr. 
Hewlett,  however,  finds  that  Bacillus  O  is  agglutinated  by  B. 
Noonan  serum. 

On  examining  the  table  we  find  that  all  the  members  of 
the  paratyphoid  group  interact  freely,  quite  as  readily  in  fact 
as  various  strains  of  typhoid  would  be  likely  to  do.  It 
appears  therefore  that  we  must  here  be  dealing  with  a  distinct 
species,  the  members  of  which  are  indistinguishable  from 
each  other  either  culturally  or  by  agglutination  tests,  and  can 
cause  a  typhoid-like  infection  in  man. 

Turning  to  the  paracolons,  however,  we  find  tliat  the  two 
which  are  not  pathogenic  for  man,  the  bacillus  of  hog  chol- 
era and  B.  typhi  murium,  do  not  react  with  any  of  the  serums 
prepared,  with  the  doubtful  exception  already  mentioned,  nor 
do  the  serums  of  Strong  and  Malcomb  take  effect  on  any 
but  their  own  organisms.  Neither  of  these,  however,  caused 
meat  poisoning  or  typhoidal  symptoms  in  man. 

The  meat-poisoning  group,  of  which  only  two,  B.  Gartner 
and  Hatton,  were  tested,  is  a  very  large  one  and  the  number 
of  bacilli  known  to  belong  to  it  has  been  constantly  increas- 
ing since  Gartner  first  isolated  his  in  1888.  It  is  not  worth 
while  to  refer  individually  to  the  numerous  published  accounts 
of  cases  where  the  bacilli  have  been  isolated,  but  they  all  tend 
to  show  that  the  members  of  the  group  are  culturally  similar, 
and  belong  to  our  Paracolon  group.  But  when  tested  for 
their  agglutinating  properties  it  becomes  evident  that  there 
are  differences  between  them. 

The  observations  of  Durham  and  Fischer  may  be  briefly 
summarised. 

The  former  found  that  the  races  Giirtner  and  Moorseele 
were   strongly  affected    by   Gartner   serum,  whilst  the  races 
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Hatton,  Rascnau,  Gand,  Giinther,  Slicffield,*  and  some 
others  were  little  or  not  at  all  affected. 

Bernard  Fischer,  who  isolated  bacilli  from  meat-poison- 
ing cases  in  the  towns  of  Haustadt  and  Rumfieth,  near  Kiel, 
observed  that  they  showed  mutual  reactions  and  interacted 
also  with  Gartner  and  Van  Ermenghem,  slightly  with 
Kaensche  and  Giinther,  but  not  at  all  with  Basenau,  Griin- 
thal  or  Gliickstadt.* 

On  consulting  the  accompanying  tables  it  will  be  seen 
that  B.  Gartner  and  Hatton  did  not  interact. 

Enough  then  has  been  done  to  show  clearly  that  taken 
all  together  the  bacilli  causing  "  meat-poisoning  "  epidemics 
are  not  a  distinct  species  within  the  paracolon  group,  but 
simply  members  of  that  group ;  a  group  made  up  of  various 
races  just  as  is  the  case  with  the  B.  coli  communis  group. 

From  among  the  paracolons  tabulated  here,  however,  we 
can  pick  out  three  which  do  show  mutual  reactions  and, 
unlike  the  "  meat  poisoners,"  appear  to  constitute  a  distinct 
species  within  the  group:  namely,  Libman's  X,  Kurth,  and 
Seemann,  and~it  is  precisely  these  and  these  only  which 
were  isolated  from  cases  resembling  typhoid  fever,  Malcomb 
and  Strong  having  been  ruled  out. 

It  is  interesting  to  observe  that  they  came  from  New  York, 
Bremen,  and  Hamburg  respectively. 

It  would  be  necessary  to  compare  a  larger  number  of 
these  before  any  definite  conclusion  can  be  reached  as  to 
whether  they  constitute  a  distinct  species  or  not,  but  they 
may  provisionally  be  put  in  a  separate  sub-group. 

According  to  their  cultural  properties  they  should  belong 
to  the  paracolons,  but  since  they  cause  typhoidal  symptoms, 
and  are  here  assumed  to  be  a  distinct  species,  it  seems  better 
to  class  them  with  the  paratyphoids,  distinguishing  between 
them  and  the  first  mentioned  species. 

The  following  classification  is  therefore  suggested  : 

Paracolons. —  Those  which  do  not  cause  typhoidal  symp- 
toms in  man.-  A  group  containing  numerous  difterent 
members,   but  culturally  alike, 

*  These  names  represent  various  strains  of  the  meat-poisoning  group. 
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Paratyphoids. —  Those  which  cause  lyphoidal  symptoms. 

a  A  distinct  species  culturally  unlike  the  paracolons. 

/3  A  distinct  species  culturally  resembling  the  para- 
colons. 

The  question  then  arises  whether  in  cases  of  suspected 
typhoid  which  are  negative  to  Widal  with  typhoid  cultures 
it  is  likely  to  prove  advantageous  to  try  the  serum  with  other 
organisms. 

There  seems  little  doubt  that  a  test  with  an  a  paratyphoid 
may  in  some  cases  be  of  assistance  in  diagnosis,  and  it  is 
quite  possible  that  the  /3  paratyphoids  may  prove  useful  in 
some  instances.  If  the  above  classification  is  found  on  further 
investigation  to  hold  good,  it  will  certainly  simplify  matters 
for  the  clinical  pathologist,  since  he  will  be  able  to  make  tests 
with  intermediates  in  a  systematic  manner  instead  of  blindly 
proceeding  with  any  culture  he  may  have  in  stock  in  cases 
where  his  typhoid  cultures  fail  him. 

Since  finishing  the  above  Dr.  Longcopc  of  Philadelphia 
has  kindly  sent  me,  with  permission  to  mention  them,  cult- 
ures of  intermediates  obtained  by  him  from  the  blood  of  two 
patients  with  typhoidal  symptoms  at  the  Pennsylvania  Hos- 
pital. One  of  these.  Case  4799,  belongs  clearly,  both  in  its 
cultural  and  agglutinating  properties,  to  the  a  paratyphoids, 
whilst  the  other.  Case  5207,  culturally  resembles  the  para- 
colons and  /3  paratyphoids,  but  is  not  agglutinated  by  any 
of  the  serums. 

All  further  work  done  on  the  a  paratyphoids  has  only 
helped  to  confirm  the  opinion  that  they  are  a  distinct 
species,  but  on  immunizing  more  highly  the  ,3  paratyphoid 
rabbits,  Seemann  serum  has  developed  the  power  of  agglut- 
inating the  bacillus  of  hog  cholera,  B.  typhi  murium,  and  B. 
Hatton,  though  somewhat  imperfectly.  Kurth  and  O  +  X, 
however,  continue  to  act  as  already  described.  This  obser- 
vation and  the  fact  that  Dr.  Longcope's  5207  is  not  affected 
by  any  of  the  serums  tend  to  render  doubtful  the  likelihood 
of  our  being  able  to  recognize  a  /3  paratyphoid  species;  but 
I  shall  hope  to  return  to  this  work  later  on  and  endeavor  to 
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answer  some  of  the  unsolved  problems  afforded  by  the  alkali 
producers. 

Strong  has  just  publishetl  his  case  in  the  May  number  of 
the  "  Johns  Hopkins  Bulletin."  It  appears  to  have  resem- 
bled typhoid  clinically,  but  the  author  leaves  it  an  open 
question  as  to  whether  the  bacillus  isolated  from  the  spleen 
after  death  was  actually  the  cause  of  the  infection  or  not. 

Note.  —  In  the  Miinchener  Medizinische  Wochenschrift  for 
April  15,  1902,  has  appeared  a  description  by  Brion  and 
Kayser  of  Strassburg  of  an  intermediate  bacillus  isolated  from 
the  blood  of  a  patient  with  typhoidal  symptoms  in  October, 
1901.  The  serum  of  the  patient  clumps  this  bacillus,  and  also 
Schottmiiller's  Miilier,  but  not  Seemann,  whilst  the  bacillus 
itself  is  not  an  alkali  producer,  and  forms  gas  more  slowly 
than  B.  coli  communis.  It  appears  then  to  be  an  a  paraty- 
phoid, and  this,  including  Schottmiiller's  Barg,  brings  the 
number  of  those  described  within  the  last  three  years  up  to  ten, 
eight  of  which  ha\'c  been  under  observation  here. 
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DESCRIPTION   OF    PL.VTE    XV. 

Fig.  I.  Cultures  in  milk  tubes.  Three  weeks  old.  Left,  (iroup  II. 
Center,  Cushing's  Bacillus  O.     Right,  Group  I. 

Fig.  2.  One  per  cent  glucose  in  sugar  free  bouillon.  Left,  B.  coli 
communis.     Center,  Group  I.     Right,  Group  II. 

PLATE  XVI. 

Fig.  3.  One  per  cent  glucose  in  peptone  solution.  Left,  B.  coli  com- 
munis.    Center,  Group  I.     Right,  Group  II. 

Fig.  4.  Agglutination  tubes.  Left,  no  agglutination.  Center,  some 
agglutination.     Right,  marked  agglutination. 
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BACTERIAL  PURIFICATION  OF  SEWAGE. 

By  B.   H.  BUXTON,   M.  D., 

of  New  York. 

Instructor   in   Bacteriology.    Cornell    Medical    College. 

In  this  country  of  enormous  lakes  and  rivers,  and 
comparatively  great  distances  between  the  larger 
towns,  the  necessity  for  purification  of  sewage  be- 
fore its  final  discharge  into  the  water  courses  has 
so  far  hardly  been  felt.  It  is  only  a  matter  of  time, 
however,  before  something  must  be  done,  and  the 
rising  generation  should  begin  to  gain  some  knowl- 
edge of  the  question,  since  it  will  surel}'  become  a 
burning  one   before   their   race   is   run. 

Experiments  have  been  carried  on  during  the  last 
14  years  at  Lawrence,  Mass.,  under  the  auspices  of 
the  State  Board  of  Health,  but  England  from  force 
of  necessity  has  been  the  birth  place  of  most  inven- 
tions for  solving  the  problem.  So  long  as  40  or  50 
years  ago  the  pollution  of  rivers  had  reached  sucii 
a  point  that  it  was  clear  this  state  of  things  could 
not  be  allowed  to  continue,  and  in  1876  the  Rivers 
Pollution  Act"  was  passed,  under  which  all  towns 
were  enjoined  from  running  crude  sewage  into  the 
water  courses.  In  consequence  of  this  act. a  host 
of  purification  schemes  arose,  all  of  them  more  or 
less  inefficient. 

In  the  first  place  sewage  farms  were  started,  but 
were  found  impracticable  in  most  instances,  owing 
to  the  impossibility  of  obtaining  sufficient  suitable 
land  at  reasonable  rates.  Numerous  chemical  purifi- 
cation methods  were  also  tried,  and  ultimately  lime, 
or  lime  mixed  with  ferrous  or  aluminum  sulphate, 
was  found  to  be  the  best  precipitant:  the  insoluble 
matters  being  practically  all  carried  down  to  form 
a  sludge,  whilst  the  effluent  was  clear  and  free  from 
odor.  This,  however,  by  no  means  solved  the  diffi- 
culty, for  the  sludge  proved  costly  to  handle  and 
practically  valueless  for  manure,  whilst  the  effluent 
was  just  as  prone  to  putrefaction  as  the  original 
sewage,  since  the  organic  substances  in  solution  had 
not  been  broken  down  in  the  least. 

By  degrees,  however,  it  came  to  be  recognized 
that  the  destruction  of  excrementitious  and  other 


dead  organic  matter  as  carried  out  in  soil  and  water 
by  nature  is  not  a  chemical  but  a  purely  biological 
process  due  1o  the  action  of  bacteria,  and  about 
1890  these  ideas  began  to  take  a  practical  shape ; 
suggestions  being  made  to  imitate  nature  and  so  im- 
prove on  her  methods  that  the  purification  of  sew- 
age could  be  carried  on  "under  control"  in  a  more 
concentrated  way  than  provided  by  her. 

It  may  be  said  here  in  a  general  way  that  this  is 
effected  by  running  the  sewage  through  tanks  and 
coke  beds  in  which  the  bacteria  grow  and  multiply, 
attacking  the  organic  matter  in  the  sewage  and 
breaking  it  down  into  simpler  nonputrescible  com- 
pounds. It  is  not  necessary  to  seed  the  tanks  and 
beds  with  special  bacteria,  since  there  are  countless 
numbers  of  the  right  kind  always  existing  in  the 
sewage,  affording  a  constant  fresh  supply. 

Before  describing  the  various  biological  filtration 
processes  in  use  at  the  present  day,  some  prelimi- 
nary remarks  are  necessary  in  order  to  gain  a  clear 
idea  of  the  subject. 

Sewage  consists  of  water  containing  about  one- 
tenth  per  cent,  of  mineral  and  one-tenth  per  cent,  of 
organic  matter.  The  mineral  matter  may  be  ignored, 
since  it  is  not  liable  to  putrefaction.  Of  the  organic 
matter  about  one-half  is  insoluble,  being  held  in  sus- 
pension, and  one-half  is  in  solution,  but  the  strength 
of  course  varies  within  wide  limits.  On  account 
of  the  presence  of  organic  matter  sewage  is  a  favor- 
able nutrient  medium  for  bacteria,  many  of  which, 
in  the  process  of  development,  evolve  offensive 
odors.  The  object  then  is  to  induce  the  bacteria  so 
to  change  the  sewage  as  quickly  as  possible  in  an 
inoffensive  way,  that  by  the  time  it  is  finally  dis- 
charged into  the  water  courses,  it  no  longer  affords 
a  favorable  medium  for  their  growth. 

All  bacteria  require  oxygen  for  their  development. 
Some  can  only  make  use  of  free  oxygen  and  oxidize, 
so  are  called  obligate  aerobics,  whilst  to  others  free 
oxygen  acts  as  an  antiseptic,  such  bacteria  being 
only  able  to  make  use  of  oxygen  stored  up  in  or- 
ganic matter  which  they  deoxidize  in  the  process. 
These  are  the  obligate  anserobics.  The  vast  majority 
of  bacteria,  however,  are  facultative  anserobics,  i.  e., 
thev  can  make  use  of  free  oxygen  or.  in  its  absence, 
utilize  stored  oxygen,  either  in  organic  or  inorganic 
combination,  and  act  as  oxidizers  or  deoxidizers, 


—    3    — 

according  to  the  nature  of  their  environment.  We 
may  call  these  facultative  anserobics  or  facultatives. 

Bacteria  are  only  able  effectively  to  break  down 
insoluble  organic  matter  in  such  a  way  as  to  make 
it  soluble  when  they  are  acting  anrerobically.  Oxi- 
dation will  change  it,  though  slowly,  in  such  a  way 
that  it  will  be  less  liable  to  putrefaction,  but  a  great 
part  of  it  will  still  be  insoluble  and  soon  clog  the 
filters. 

Sewage,  therefore,  must  be  subjected  to  anaerobic 
action  at  an  early  period  of  its  purification  in  order 
to  liquefy  the  insoluble  matter  and  prepare  it  for  oxi- 
dation. 

Generally  speaking,  it  may  be  said  that  bacteria 
acting  anserobically  evolve  ofTensive  volatile  pro- 
ducts— sulphur  compounds  and  methylamines — 
whilst  in  terobic  conditions  of  growth  their  volatile 
and  gaseous  products  are  inoffensive  because  more 
completely  broken  down.  The  former  may  be  called 
putrefaction  and  the  latter  decomposition. 

The  object  then  will  be  to  subject  the  sewage 
to  as  little  anaerobic  action  as  possible ;  only  suffi- 
cient, in  fact,  to  liquefy  the  solids,  and  then  pass 
it  on  to  be  oxidized  by  aerobic  action. 

In  tracing  the  processes  by  which  sewage  is  puri- 
fied it  will  be  best  to  commence  with  the  solids,  since 
the  organic  matter  already  in  solution  is  simply  in 
stages  which  will  be  reached  by  the  former  during 
purification.  There  are  two  kinds  of  solids,  the  car- 
bohydrates, such  as  starch  and  cellulose,  and  nitro- 
genous proteids.  The  final  products  of  purification 
are  gases,  which,  of  course,  escape,  water,  and  in- 
organic nitrates,  which  remain  in  solution ;  the  lat- 
ter being  of  great  importance  since  it  is  in  the 
form  of  nitrates  that  nitrogen  is  utilized  by  higher 
chlorophAdous  plant  life.  Since  the  carbohydrates 
contain  no  nitrogen,  it  will  be  sufficient  to  say  of 
them  that  they  are  liquefied  (hydrolysed)  by  the 
anserobics,  and  the  soluble  products,  either  anaerobi- 
cally  or  aerobically,  further  broken  down  until  they 
are  entirely  reduced  to  gases  and  water. 

The  disposition  of  the  proteids  needs  closer  at- 
tention. The  first  action  is  essentially  hydrolytic — 
simplification  with  addition  of  water — the  obligate 
anserobics  secreting  soluble  ferments  or  enzymes, 
which    digest   the   insoluble   proteids,   in   the   same 


way  as  animals  digest  them  by  means  of  enzj-mcs 
secreted  by  the  mucous  membrane  of  the  intestinal 
tract,  changing  them  to  soluble  peptones. 

The  peptones  are  then  attacked  by  bacteria  which 
break  them  down  into  gases  and  various  soluble 
amido  compounds;  this  being  done  either  by  oxida- 
tion or  deoxidation,  the  products  varying  in  nature 
according  to  the  action  to  which  they  have  been  sub- 
jected. In  deoxidation,  for  instance,  the  principal 
gas  generated  is  CH^,  and  in  oxidation  CO, ;  the 
amido  compounds  probably  differing  to  some  ex- 
tent. The  term  amido  compounds  is  here  used  for 
the  sake  of  brevity,  in  a  much  wider  sense  than  is 
strictly  speaking  correct,  being  intended  to  cover 
any  nitrogen  containing  compounds  simpler  than 
peptones,  but  more  complex  than  inorganic  ammoni- 
um salts. 

The  next  step  is  one  principally  of  oxidation, 
though  it  may  also  take  place  anjerobically  by  de- 
oxidation, the  amido  compounds  being  changed  to 
CO„  and  NH,;  these  combining  together  to  form 
inorganic  ammonium  carbonate  which  remains  in 
solution.  Gases  are  also  evolved  during  this  pro- 
cess, bat  these  need  not  be  taken  into  consideration. 

A  highly  specialized  strictly  serobic  group  of 
organisms,  the  nitrosifiers,  now  come  into  play,  by 
which  the  ammonium  carbonate  is  oxidized  to  ni- 
trous acid  ;  the  latter  combining  with  any  potassium, 
sodium,  or  calcium  bases  present  and  forming  ni- 
trites. 

The  nitrites  are  then  still  further  oxidized  to 
nitrates  by  means  of  the  nitrifiers,  another  group 
quite  distinct  from  the  nitrosifiers.  In  speaking, 
however,  of  nitrification,  this  is  taken  to  cover  the 
action  both  of  the  nitrosifiers  and  the  nitrifiers. 

The  bacteria  of  nitrification  cannot  develop  in 
the  presence  of  much  fermentable  organic  matter, 
so  do  not  grow  on  the  ordinary  gelatine  or  agar 
plates  of  the  bacteriologist.  Winogradsky  succeed- 
ed in  isolating  them  on  plates  containing  a  gelatin- 
ous silicate  as  the  solid  medium,  and  his  assistant, 
Omcliansky,  has  more  recently  used  gypsum  for 
this  purpose ;  the  nutrient  media  in  each  instance 
being  ammonium  salts  for  the  nitrosifiers  and  ni- 
trites for  the  nitrifiers,  with  solution  of  which  the 
solid  materials  are  moistened. 


The  process  may  be  tabulated  as  follows: 


Changed  to 

By 

Action 

Insoluble   pro- 
teids. 

Soluble  Peptones 

Enzymes  secreted 
by  anaerobics 

H>-drolysis 

Soluble 
peptones. 

Unstable   amido 
compounds 

Anaerobics  or 
facultatives 

Deoxidation  or 
oxidation 

Amido 
compoands 

Ammonium  salts 

Facu  natives 

Oxidation  or 
deoxidation 

Ammonium 
salts 

Nitrites 

Nitrosifiers 

Oxidation 

Nitrites 

Nitrates 

Nitrifiers 

Oxidation 

Besides  the  above  mentioned  products  there  is  a 
small  amount  of  an  irreducible  insoluble  organic 
substance  formed,  called  humus,  but  not  sufficient 
to  clog  the  filters  to  an  appreciable  extent.  The 
presence  of  a  little  humus  is  advantageous  since  the 
nitrifying  bacteria  seem  to  be  able  to  make  use  of 
this  nonfermentable  matter  in  their  metaoolism. 

A  few  remarks  by  way  of  explanation  may  here 
be  inserted. 

1.  In  speaking  of  hydrolysis — simplification  with 
addition  of  water — it  must  be  understood  that  this 
action  is  not  confined  to  liquefaction  of  solids.  Many 
of  the  soluble  compounds  are  rendered  more  simple 
in  construction  by  hydrolysis  ;  the  conversion  of  urea 
into  the  more  stable  ammonium  carbonate  by  the 
micrococcus  ureae  may  be  given  as  an  example. 

2.  Apparent  Oxidation. — Even  under  anaerobic  con- 
ditions there  may  be  apparent  oxidation,  i.  e.,  the 
resulting  simpler  compounds  may  contain  relative- 
ly more  oxygen  than  the  original.  But  this  is  not  in 
reality  an  oxidation,  but  only  a  loss  of  C,  H  or  N, 
which  are  evolved  as  gases. 

3.  Loss  of  Nitrogen. — In  the  breaking  down  of  ni- 
trogenous compounds  by  bacteria  there  is  always  a 
loss  of  nitrogen  evolved  as  N  or  as  NH.,  if  there  is 
not  enough  acid  present  for  the  latter  to  combine 
with  as  ammonium  salts.  Free  N  is  evolved  by  the 
action  of  the  anjerobics,  being  released  from  its  or- 
ganic combinations  as  such,  but  many  of  the  faculta- 
tives in  the  absence  of  free  oxygen  can  attack  the 
nitrates  and  nitrites  already  formed  and  utilize  their 
O ;  thus  reducing  them  to  NH3  or  free  N.    Such  a 
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process  is  called  denitrification,  and  occurs  very  free- 
ly in  sewage  beds  where  there  is  no  attempt  to  keep 
the  facultatives  and  nitrifiers  separate.  As  will 
be  seen,  the  continuous  filtration  systems  are  the 
only  ones  in  which  a  complete  separation  is  ap- 
proached, and  with  these  there  is  comparatively  lit- 
tle loss  of  nitrogen.  In  manure  heaps  there  is  con- 
siderable loss  on  account  of  this  denitrification,  de- 
tracting to  a  great  extent  from  the  value  of  the  ma- 
nure as  a  fertilizer,  whilst  in  natural  processes  in 
the  soil  it  also  occurs,  resulting  in  loss  of  nitrogen. 

4.  Chemical  Tests. — In  testing  sewage  and  the  puri- 
fied effluent  chemically  one  estimates: 

(a)  The  nitrogen  existing  as  ammonia  in  inor- 
ganic combination. 

(b)  The  nitrogen  existing  as  ammonia  in  organic 
combination — albuminoid  ammonia. 

(c)  The  nitrites  and  nitrates. 

(d)  The  oxygen  absorbed.  By  O  absorbed  is 
meant  the  amount  of  it  extracted  from  an 
acidified  solution  of  potassium  permanganate 
acting  at  room  temperature  for  four  hours. 
This  varies  much  according  to  the  nature  of 
the  organic  compounds ;  the  carbohydrates 
acting  most  energetically.  The  test  may 
therefore  be  taken  as  roughly  indicating  the 
amount  of  carbohydrates,  although  it  is  of 
value  more  as  a  comparative  than  an  absolute 
test,  since  the  more  unstable  amido  and  oth- 
er compounds  and  even  inorganic  sulphides, 
products  of  deoxidation,  are  also  quite  ac- 
tive. 

The  usual  standard  for  a  purified  effluent  in  Eng- 
land is  a  maximum  of  i  per  100,000  for  the  albumin- 
oid ammonia,  and  i  per  100,000  for  the  O  absorbed. 

5.  The  incubator  test  is  of  comparatively  recent 
origin,  having  been  in  use  only  4  or  5  years,  but  for 
practical  purposes  is  the  most  important  of  all,  since 
it  aims  to  determine  whether  the  final  effluents  are 
prone  to  putrefaction  or  not.  A  sample  of  the  efflu- 
ent is  submitted  to  the  O  absorbed  test  for  3  min- 
utes and  the  amount  noted.  A  quart  bottle  is  then 
filled  with  another,  but  similar,  sample  of  the  ef- 
fluent and  kept  well  stoppered  at  80°  F.  in  an  in- 
cubator. After  6  or  7  days  it  is  tested  for  three 
minutes;  the  odor  and  appearance  being  also  noted. 
If  there  is  an  increase  in  O  absorbed,  this  is  looked 
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upon  as  evidence  of  putrefaction,  since  it  means 
that  there  is  an  increase  of  the  more  unstable  or- 
ganic compounds  and  inorganic  sulphides  in  conse- 
quence of  deoxidation,  whilst  no  change  or  a  de- 
crease in  the  amount  of  O  absorbed  indicates  that 
the  organic  matter  has  been  broken  down  to  such 
an  extent  that  there  is  no  longer  sufficient  pabulum 
present  to  permit  of  increase  of  bacteria  vmder 
anaerobic  conditions.  The  anaerobics  always  require 
a  good,  strong  diet,  and  so  do  the  facultatives  in  the 
absence  of  O,  although  when  there  is  plenty  of  this 
they  can  get  along  with  very  little  nourishment. 

6.  Bacteriological  tests  are  also  valuable.  Crude 
sewage  contams  one  to  ten  millions  or  more  bac- 
teria per  cubic  centimeter,  as  shown  by  the  usual 
methods  of  plating  out,  and  this  number  may  bt> 
reduced  to  a  few  thousands  or  even  hundreds  in  a 
good  final  effluent.  The  obligate  anierobics  and  ni- 
trifying organisms  will  not  grow  on  ordinary  plates, 
so  this  refers  only  to  the  facultatives  which  are  to 
some  extent  oxidized  out  of  existence  during  purifi- 
cation processes. 

It  may,  however,  be  at  once  remarked  that,  al- 
though it  is  quite  possible  to  produce  an  effluent 
which  would  pass  as  a  good  drinking  water  accord- 
ing to  bacteriological  standards,  yet  the  expense  of 
this  on  a  large  scale  is  prohibitive.  In  practice  the 
number  of  bacteria  is  not  very  materially  reduced. 
Houston,  in  experiments  with  London  sewage,  found 
that  the  bacillus  coli  communis  slips  through  the 
filters  in  large  numbers,  and  from  this  it  may  be 
inferred  that  the  typhoid  bacillus  would  do  so,  too. 
if  it  happened  to  be  present  in  the  sewage  at  any 
time.  It  may  be  laid  down,  therefore,  as  a  general, 
though  at  present  ideal,  rule  that  the  water  from 
no  river  into  which  even  purified  sewage  is  run 
should  be  used  for  drinking  purposes  without  pre- 
vious efficient  filtration. 

In  determining  the  progress  of  purification  bac- 
teriologically,  it  is  probable  that  results  are  usually 
considerably  underestimated.  In  the  suspendc!l 
matter  of  the  crude  sewage  the  bacteria  hang  to- 
gether in  colonies  or  zooglea,  and  Mr.  Dibdin  in- 
formed me  last  summer  that,  if  the  sewage  be 
thoroughly  beaten  up  first,  the  plate  cultivations 
will  show  a  hundred  times  more  colonies  than  usual, 
so  that  instead  of  one  to  ten  millions  the  numbers 


will  be  more  like  a  hundred  to  a  thousand  millions 
per  cc.  In  the  final  effluents  the  suspended  solids 
are  practically  removed  so  that  the  mdividual  bac- 
teria are  more  easily  separated  and  the  recorded  re- 
sults probably  fairly  accurately  represent  the  true 
state  of  affairs. 

Sewage,  as  it  enters  the  main  sewers,  is  called 
"fresh,"  and  contains  solid  organic  matters  in  lumps, 
soluble  organic  substances,  ammonium  salts,  ni- 
trites, nitrates  and  dissolved  O.  During  the  next 
6  or  8  hours,  which  may  be  taken  as  a  fair  average 
time  for  it  to  reach  the  outfall,  it  undergoes  some 
changes.  The  lumps  are  broken  up,  mechanically 
and  perhaps  also  to  some  extent  by  bacterial  action, 
into  finer  particles,  and  the  bacteria  present  begin 
to  multiply.  The  action  is  mainly  by  the  faculta- 
tives,  the  dissolved  O  being  first  used  up,  after 
which  nitrates  and  nitrites  are  reduced  by  coli  com- 
munis and  other  "denitrifiers"  which  have  this  re- 
ducing power.  The  sewage  is  now  "stale,"  con- 
taining comparatively  finely  divided  particles  and 
showing  an  increase  of  inorganic  ammonia  formed 
by  action  on  the  soluble  nitrogenous  matter,  whilst 
the  nitrites,  nitrates  and  dissolved  O  have  disap- 
peared. It  is  now  all  ready  for  true  anaerobic  ac- 
tion, and  after  this  has  proceeded  to  some  extent  it 
is  called  "septic"  sewage. 

The  preliminary  anaerobic  action  was  not  under- 
stood at  first,  the  supposition  being  that  the  purify- 
ing from  start  to  finish  was  an  oxidation  process. 
Under  this  impression  Col.  Waring,  1894,  intro- 
duced his  sand  filters  with  forced  jeration  at  New- 
port and  other  places  in  the  United  States.  The 
purification  of  the  sewage  was  effective,  but  the 
solids  had  no  chance  to  get  liquefied,  so  the  filters 
quickly  became  clogged  and  had  to  be  cleaned  at 
great  expense.  In  experiments  on  these  lines  at 
Lawrence  it  was  found  that  the  more  complete  the 
aeration,  the  worse  was  the  clogging. 

Dibdin,  about  the  same  time,  introduced  his  bac- 
teria or  contact  beds  in  London;  tanks,  3  or  4  feet 
deep,  filled  with  lumps  of  coke  or  burnt  clay,  into 
which  the  sewage  was  slowly  poured,  allowed  to 
remain  "in  contact"  with  the  coke  surfaces  for  a 
while,  and  then  slowly  drained  off;  the  idea  being 
that  by  this  means  the  filters  would  be  thoroughly 
serated  without  the  necessitv  for  forcing  air  through 
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them.     The  contact  beds  were  much  more  success- 
ful than  Waring's,  the  sole  reason,  though  this  was 


Diagram  i 
triple     contact 

not  appreciated  at  that  time,  being  that  the  aeration 
was  less  complete,  so  that  some  anserobic  hydrolytic 
action  was  possible. 

As  soon  as  the  double  anaerobic  and  aerobic  ac- 
tion came  to  be  recognized,  attempts  were  made  to 
keep  each  set  of  bacteria  altogether  separate  so  that 
the  anaerobics  might  do  their  work  without  inter- 
ference by  those  which  work  best  aerobically  and 
vice  versa. 

The  most  successful  methods  are  those  of  Cam- 
eron and  Scott  Moncriefif,  1896,  the  former  introduc- 
ed at  Exeter  and  the  latter  at  Caterham  in  England. 


DIAGRAM     H 
SEPTIC     TANK      AND    SINGLE      CONTACT 

Cameron  (Diagram  2)  allows  the  sewage  to  pass 
slovkrly  and  continuously  through  a  closed  wooden 
box — the  septic  tank — the  effluent  from  which  passes 
to  a  coke  contact  bed  to  be  oxidized,  the  bed  being 
alternately  filled  and  drained.  By  means  of  this 
intermittent  filtration  aeration  is  accomplished  since 


air  is  drawn  flown  ihiouj^h  the  coke  in  draining-,  as 
with  the  Dibdin  beds. 
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DIAGRAM     m 
SC  OTT-MONCRIE  rr    SYSTCM 

Scott  Moncrieff  (Diagram  3)  constructs  a  tank 
containing  broken  flints  or  other  coarse  material 
resting  on  a  false  bottom,  and  allows  sewage  to  flow 
in  continuously  from  below,  the  action  being  alto- 
gether anaerobic  except  to  a  limited  extent  at  the 
surface.  From  the  anierobic  tank  the  sewage  is 
passed  on  to  filter  through  coke  contained  in  a 
series  of  trays  where  the  oxidizing  action  take? 
place ;  the  flow  being  continuous  and  the  fluid  aerat- 
ed in  dropping  from  one  tray  to  the  next.  By  this 
and  other  somewhat  similar  methods  of  continuous 
filtration  there  is  a  better  chance  than  in  the  con- 
tact bed  for  the  facultatives  and  nitrifiers  to  get  in 
their  best  work.  The  facultatives  multiply  mostlj' 
in  the  upper  layers  of  the  filter,  reducing  the  solu- 
ble organic  matter  to  ammonia.  Below  these  comes 
a  zone  occupied  chiefly  by  the  nitrosifiers,  and  in  the 
lower  layers  the  nitrifiers  predominate.  The  result 
is  a  purer,  more  highly  nitrated  effluent  than  is 
possible  with  the  contact  beds  where  there  is  no 
chance  for  the  facultatives  and  nitrifiers  to  work 
independently  of  each  other,  but  the  general  con- 
sensus of  opinion  is  that  the  contact  beds  afford 
an  effluent  which  is  good  enough  for  all  practical 
purposes,  and  are  cheaper  to  work  on  a  large  scale 
than  any  method  of  continuous  filtration. 
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The  processes  may  be  tabulated : 


Forced  aeration 
through  sand 


Colce  "beds 
Natural  -aeration 

by    filling    and 

draining 


Scott  a)     Anaerobic 

Moncrieff  Tank 

b)     Colce  tray  fil- 
ters 


Intermfttent 


Continuons 
ContinuOTis 


Anaerobic  and 

lerobic  alternatly 

in  same  beds 


Strc^ly   anaerobic 
Chiefly  aerobic 

Strictly   anaerobic 
Strictly  aerobic 


It  may  be  here  remarked  that  it  has  been  found 
impossible  in  practice  to  treat  raw  sewage  by  either 
of  the  first  two  processes.  Under  the  forced  aera- 
tion system  it  is  necessary  previously  to  remove  the 
suspended  solids  as  far  as  possible  by  chemical 
precipitation,  or  the  filters  will  clog  almost  im- 
mediately. 

Dibdin  at  first  used  a  sewage  which  had  been 
chemically  treated,  and  found  he  could  effect  fair 
purification  at  the  rate  of  a  million  gallons  per  day 
per  acre.  Later  he  simply  removed  the  grosser 
particles  by  screening,  but  the  solids  still  remaining 
in  suspension  reduced  the  efficiency  of  the  beds  by 
about  one-third,  so  that  not  more  than  six  or  seven 
hundred  thousand  gallons  per  day  per  acre  could 
be  handled. 

This  production  of  sludge  or,  at  the  best,  large 
amount  of  putrescible  organic  solid  matter  is  na- 
turally a  serious  disadvantage,  but  is  overcome  to  a 
great  extent  by  the  methods  of  Cameron  and  Scott 
MoncriefT,  where,  on  account  of  the  more  perfect 
hydrolysing  action,  the  raw  sewage  can  be  used 
without  any  preliminarj^  chemical  treatment  or 
screening.  Not  only  are  solid  matters  disposed 
of  in  the  anferobic  tanks,  but  in  the  effluent  the  solu- 
ble organic  matter  is  in  a  more  advanced  condition 
than  in  the  original  sewage,  so  that  a  septic  tank 
effluent  is  more  readily  purified  in  the  coke  beds 
than  one  from  precipitated  or  srrpptiori  c«" 


It  has  hitherto  been  said  in  a  general  way  that 
anii^robic  action  is  necessary  for  the  satisfactory 
hquefaction  of  solid  organic  matter,  but  a  distinction 
must  be  drawn  in  this  respect  between  that  of  ani- 
mal and  of  vegetable  origin.  The  former  can  be 
liquefied  and  disposed  of  by  bacteria  acting  aerobi- 
cally,  though  not  so  quickly  as  by  anserobic  action, 
but  the  latter  is  much  more  refractory.  The  solid 
vegetable  matter,  in  domestic  sewage  at  any  rate, 
consists  chiefly  of  paper  and,  to  a  lesser  degree,  of 
corks,  rags,  etc.,  whilst  where  there  is  much  wooden 
pavement,  and  the  combined  system  of  drainage,  as 
in  London  and  many  other  English  towns,  there  is  in 
addition  a  large  amount  of  woody  fibre.  The  prm- 
cipal  ingredient  of  all  these  is  cellulose,  and  it  is 
the  cellulose  which  is  refractory,  requiring  a  con- 
siderable time  for  liquefaction  even  under  the  most 
favorable  anaerobic  conditions.  It  now  becomes 
evident  why  it  is  so  necessarj^  to  screen  the  grosser 
particles,  consisting  chiefly  of  paper,  corks,  etc.,  be- 
fore running  the  sewage  into  the  Dibdin  beds;  why, 
even  when  this  is  done  it  is  found  in  practice  that 
the  surface  must  be  often  raked  over  to  break  up 
the  fibrous  deposit  which  forms  there,  and  why 
there  is  progressive  loss  of  capacity,  for  there  is 
no  anaerobic  action  possible  on  the  surface  of  these 
beds,  so  that  the  cellulose  caught  there  remains 
practically  unchanged  almost  indefinitely. 

A  septic  tank,  however,  overcomes  the  difficulty. 
There  is  always  a  deposit  at  the  bottom,  and  a  thick 
scum  several  inches  thick  on  the  surface.  The  scum 
prevents  absorption  of  oxygen  by  the  liquid,  so 
that  the  action  immediately  underneath  it  is  strictly 
anaerobic.  Paper,  corks,  and  other  solids,  no  mat- 
ter how  large,  all  go  into  the  septic  tank,  where 
they  either  fall  to  the  bottom,  or  rise  to  the  top  and 
adhere  to  the  scum,  remaining  for  daj's,  weeks  or 
months,  until  finally  liquefied.  The  effluent  is 
drawn  from  half-way  down  the  tank  (see  diagram), 
so  that  no  solids  can  escape  with  it,  or  at  any  rate 
only  particles  so  small  that  even  under  subsequent 
slow  working  aerobic  conditions  the\^  can  be  dis- 
posed of.  When  a  septic  tank  is  first  started  there 
is  gradual  formation  of  a  deposit  below  and  a  scum 
above,  and  for  a  time  these  are  constantly  increasing 
in  thickness,  causing  some  loss  of  capacity  of  the 
tank.     In  3  01   4  weeks,  however,  as  the  bacteria 


multiply,  an  cquililjriiim  is  cstalilishcd,  liquefaction 
balancing'  addition  of  solids,  and  after  this  is  reach- 
ed any  additional  loss  of  capacity  is  due  to  deposit, 
partly  of  mineral  matter,  which,  of  course,  bacteria 
are  powerless  to  remove,  and  partly  of  the  already 
mentioned  stable  humus.  The  life  of  a  septic  tank 
may  be  put  at  two  years,  at  the  end  of  which  time  it 
must  be  cleaned  out  and  started  afresh.  A  Scott 
Moncrieff  anaerobic  tank  is  filled  with  broken 
flints  or  other  coarse  material  resting  on  a 
false  bottom,  whilst  a  Cameron  septic  tank 
has  nothing  of  the  kind  in  it.  The  reason 
for  this  difference  now  becomes  obvious.  In 
the  upward  filtration  of  the  former,  a  de- 
posit is  formed  in  the  lower  chamber  beneath 
the  false  bottom,  and  the  deposited  material  is 
gradually  cleared  ofT  as  in  the  septic  tank,  but  the 
lighter  particles  rise  and  rest  against  the  under 
surface  of  the  false  bottom,  where  they  are  acted 
upon  by  the  anrerobics,  and  as  soon  as  they  get 
small  enough,  will  pass  through  the  meshes  of  the 
false  bottom.  Such  meshes,  however,  to  avoid  clog- 
ging, must  of  necessity  be  somewhat  coarse,  so  will 
allow  comparatively  large  particles  to  pass.  These 
must,  therefore,  be  arrested  in  their  upward  course 
and  the  anoerobics  given  a  chance  to  work  on  them 
further  before  they  are  passed  on  to  the  beds.  In 
the  septic  tank  the  lighter  particles  adhere  to  the 
scum  which  plays  the  part  of  the  broken  flints,  so 
that  these  can  be  dispensed  with.  It  has,  however, 
been  suggested  that  coarse  material  placed  in  the 
septic  tank  might  accelerate  bacterial  action,  as  af- 
fording more  surface  for  the  bacteria  to  cling  to, 
but  any  advantage  gained  in  this  way  does  not 
compensate  for  the  loss  of  capacity,  and  the  sug- 
gestion has  not  been  carried  out  in  practice.  A 
priori  then  one  would  expect  the  septic  tank  to 
be  more  practical  than  the  upward  filtration,  and 
that  this  is  so  seems  to  be  proved  by  the  more  gen- 
eral adoption  of  the  former ;  Scott  MoncriefT  tanks 
having  been  only  exceptionally  installed  in  England, 
whilst  septic  tanks  are  to  be  found  all  over  the 
country. 

The  Dibdin  system  is  now  in  use  in  many  places 
in  England,  but  it  is  found  that  a  single  contact  bed 
is  not  sufficient  to  provide  an  effluent  which  will 
stand    the    incubator    test.      Double  contact  beds, 
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therefore,  have  to  be  provided,  and  at  Hampton 
on  Thames  even  triple  contact  beds  (Diagram  x) 
are  in  use.  Here,  however,  a  specially  good  effluent 
is  required,  since  one  of  the  London  Water  Com- 
panies has  its  intake  just  below  Hampton. 

The  method  of  working  the  contact  beds,  whether 
used  with  or  without  previous  anaerobic  treatment, 
may  be  briefly  described.  The  bed  is  filled  slowly 
during  one  hour,  the  sewage  allowed  to  remain  "in 
contact"  for  r  hours,  then  slowly  drained  oflf  for 
one  hour,  and  the  bed  allowed  to  "rest  empty"  for 
four  hours,  a  cycle  of  8  hours,  after  which  it  is 
again  filled. 

When  a  bed  is  first  started  the  purification  is 
slight,  but  the  bacteria  soon  multiplj-  enormously, 
clinging  in  colonies  to  the  surfaces  of  the  coke,  and 
in  2  or  3  weeks  the  bed  becomes  ripe,  after  which 
it  maintains  its  efficiency  indefinitely  if  properly 
handled. 

The  effluent,  however,  is  frequently  submitted  to 
the  incubator  test,  and  if  at  any  time  it  shows  signs 
of  deterioration,  the  bed  is  given  a  rest  for  a  week 
or  two.  In  resting,  the  prolonged  contact  with  the 
air  weakens  vhc  an:T>robics,  whilst  the  more  strictly 
aerobic  bacteria,  which  give  the  finishing  touches 
to  the  purification,  are  strengthened,  so  that  on  re- 
suming work  the  effluent  improves  again. 
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Bacteria  in  the  Soil. 

Toward  the  close  of  the  course  in  Bacteriology  at  Cornell  Medical  College, 
the  subject  of  the  soil  bacteria  is  taken  up,  the  students  being  given  some  garden 
earth  to  plate  out,  count  the  colonies,  and  estimate  the  number  per  gram.  They 
are  also  told  something  about  the  Pathogenies  found  in  the  soil,  but  it  seemed 
that,  in  addition  to  this,  it  would  be  of  interest  to  them  to  get  an  idea  of  the 
various  bacterial  processes  going  on  in  the  soil  whereby  the  cycle  of  life  is 
maintained,  and  to  this  end  the  following  plan  was  evolved. 

In  the  course  of  the  previous  exercises  the  students  are  shown  how  to  test  for 
nitrites  with  sulfanilic  acid  and  naphthylamine  (Griess-Ilovsay  solution),  and  for 
ammonia  with  Nessler's  solution,  in  order  to  determine  if  the  bacteria  they  are 
studying  are  denitrifiers  or  not.    The  cultures  are  grown  in  the  following  solution  : 

Peptone,         ------        ,5  grams. 

KXO3,  .--...         2  grams. 

NaCl,  ......      05  grams. 

Tap  water, 1000  c.  c. 

After  6  or  7  days  in  the  incubator  the  cultures  are  boiled  for  safety, 
3  c.  c.  measured  into  an  empty  test-tube,  and  to  this  2  c.  c.  of  Griess-Ilovsay  solu- 
tion added.  A  red  color  shows  the  reduction  of  nitrates  to  nitrites.  To  the 
remainder  of  the  culture  a  drop  of  Nessler's  solution  is  added;  a  yellow  color 
showing  the  presence  of  ammonia  to  which  the  nitrites  may  have  still  further 
been  reduced. 

Control  tubes  of  the  original  solutions  are,  of  course,  also  tested.  The 
students  then  understand  beforehand  the  tests  for  nitrites  and  ammonia. 

To  demonstrate  the  process  of  nitrification  in  the  soil,  the  following  solution 
is  made  up  6  or  8  weeks  previously : 

Microcosmic  salt,      -         .         .         .         .         i>  grams. 
Potassium  chloride,  ....  1  gram. 

Sodium  chloride,       .....  1  gram. 

Magnesium  sulfate,  -         -         -         -        .5  grams. 

Water  distilled,  ....  IQOO  c.  c. 

This  is  distributed  into  several  Erlenmeyer  flasks,  about  50  c.  c.  in  each,  and 
sterilized.  Into  some  of  the  flasks  a  few  grams  of  garden  earth  are  introduced, 
and  kept  in  the  dark  at  room  temperature.  The  inoculated  flasks  are  tested  at 
intervals  for  nitrites,  and  when  these  are  found  to  be  present  in  considerable 
quantities — the  maximum  is  usually  reached  in  2  or  3  weeks — one-half  the  flasks 
are  boiled,  in  order  to  stop  further  action,  and  can  then  be  kept  indefinitely,  for 
demonstration  of  nitrosification. 

In  the  remaining  flasks  the  nitrites  gradually  become  oxidized  to  nitrates 
by  the  nitrifiers.  and  in  6  or  8  weeks  will  give  no  greater  reaction  for  nitrites 
than  the  controls,  and  may  be  tested  for  nitrates.  For  this,  evaporate  a  little  of 
the  solution  to  dryness  in  a  watch  glass,  add  a  few  drops  of  phenol-sulfonic  acid, 
and  then  a  little  10  per  cent.  NaOH  solution.  A  yellow  color  indicates  the 
presence  of  nitrates. 
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We  select  them  for  our  class  :  1.  A  control  flask.  2.  One  to  show  oxidation 
of  ammonia  to  nitrites.     3.  One  to  show  oxidation  of  nitrites  to  nitrates. 

By  way  of  preliminaries  to  the  demonstration  of  fixation  of  nitrogen  sour 
alfalfa  plants  are  started  growing  '2  or  3  months  beforehand,  and  the  proceedings 
are  as  follows : 

River  sand  is  thoroughly  washed,  dried,  and  stsrilized  at  150°C.  for  two 
hours.  Then  put  into  garden  pots  (we  used  tin  cases  in  which  photographic 
platinotype  paper  had  been  stored ),  and  boiled  for  an  hour  or  so  in  the  steam 
sterilizer.  The  alfalfa  seeds  are  sterilized  in  5  percent,  formalin  for  15  minutes, 
washed  in  two  or  three  changes  of  sterilized  water,  sown  in  the  sand,  and  kept 
watered  with  sterile  mineral  solutions,  containing  no  nitrogen,  the  one  used  by 
preference  being: 

Tricalcic  phosphate,         -         .         .         -  .5  gram. 

Calcium  sulfate,       -----  .5  gram. 

Sodium  chloride,      -----  .5  gram. 

Potassium  sulfate,    -         -  -         -  .;'>  gram. 

Magnesium  sulfate,  .         -         .  .  .")  gram. 

Iron  sulfate.    ------  Trace. 

Water, -  loOOc.  c. 

One-half  of  the  seeded  pots  are  supplied  with  pure  cultures  of  nitrogen  fixers, 


-••  J  -X'fA  -^J^ 


A  L  F  A  L   f  A 


AL  F  A  I.  I    ^ 


Fig.  1.— Left. — Alfalfa  Grown  in  Sterile  Sand.     Right. — Same  with  Cultures 
of  Nitrogen  Fixers. 

isolated  from  alfalfa  rootlets,  two  or  three  times  during  the  first  two  or  three 
weeks  of  growth,  the  remaining  pots  not  being  treated. 

No  precautions  need  be  taken  to  prevent  air  bacteria  from  falling  m  during 
the  period  of  growth,  but  it  is  advisable  to  keep  the  untreated  pots  in  a  separate 
room  where  no  cultures  of  nitrogen  fixers  are  handled.  Conditions,  however,  of 
lighting  and  temperature  should  be  the  same  for  both. 

The  photographs  (Figs.  1  and  2)  show  the  appearance  three  months  after 
sowing.     It  is  true  the  growth  is  not  very  luxuriant  in  the  treated   pot,  but  a 
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laboratory  window  in  the  winter  is  not  a  favorable  spot  for  plant  life ;  and  the 
difference  between  the  two  pots  is  sufficiently  well  marked  for  demonstration. 

It  is  easy  to  obtain  pure  cultures  of  the  nitrogen  fixtures.  The  nodules  are 
cut  out  from  the  rootlets,  sterilized  in  the  same  way  as  explained  for  the  seeds, 
pulverized,  and  the  fragments  plated  out  in  gelatine.  In  4  or  5  days  the  round 
non-liquefying  colonies  appear  and  can  be  transplanted.  The  bacilli  will  grow 
on  ordinary  media,  but  a  specially  favorable  one  is  that  recommended  by  Maze. 
(Ann.  Pasteur,  1897,  '9S,  '99.) 

Allow  10(^1  grams  dry  weight  of  beans  to  germinate  on  moist  cotton  for  two 
or  three  days,  make  an  infusion  of  them  in  loOd  c.  c  water  at  10(i°C.  for  30 
minutes;  strain  through  cloth,  add  'j  per  cent.  XaCl,  and  neutralize.  Boil  one 
hour,  filter,  and  add  3  per  cent,  of  saccharose.  The  liquid  comes  out  fairly 
clear  and  can  be  used  as  broth  or  can  be  made  up  with  10  per  cent,  gelatine. 

On  bean  gelatine  slants  the  bacteria  grow  in  great  profusion,  and  according 
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Fig.  2. — Left. — Alfalfa  Grown  in  Sterile  Sand.     Right. — Same  with  Cultures 
of  Nitrogen  Fixers. 

to  Maze  they  are  able  to  fix  nitrogen  under  these  conditions,  but  this  has  not 
been  tested  by  us  for  confirmation.  Most  investigators  have  been  unable  to  get 
the  bacteria  to  fix  nitrogen  in  artificial  cultures. 

In  the  lecture  attention  is  drawn  to  the  fact  that  there  is  a  constant  accession 
of  dead  animal  and  vegetable  matter  to  the  soil,  and  this  is  disposed  of  by  bac- 
teria ;  the  final  products  of  the  carbo-hydrates  being  gases  and  water,  and  of  the 
nitrogenous  substances,  gases,  water,  and  nitrates,  the  latter  remaining  in  the  soil. 

In  the  course  of  explanation  the  following  table  is  built  up  on  the  board : 


Changed  to 

By 

By  process  of 

I. — Insoluble  proteids 

Soluble  organic  sub- 
stances 

Anaerobics 
f  Ansrobics 

Hydrolysis 
Deoxidation 

2. — Soluble  organic 

Gases.water  and  am- 
monia 

^          or 
[Facultatives 

(Putrefaction) 
Deoxidation     or 

oxidation 

3. — Ammonia 

Nitrites 

Nitrosifiers 

(Decomposition) 
Oxidation 

4. — Nitrites 

Nitrates 

Nitrifiers 

Oxidation 
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At  this  point  nitrification  is  demonstrated  by  means  of  the  Hasks  prepared 
beforehand.  Small  portions  of  all  three  flasks  are  tested  in  tubes  for  ammonia 
and  nitrites,  and  in  watch  glasses  for  nitrates  :  the  differences  between  them 

being  pointed  out,  and  ex- 
planations given  as  to  how  the 
flasks  were  treated.  The  photo- 
graph (Fig.  3)  shows:  1.  Con- 
trol. '1.  Nitrosification.  3.  The 
nitrites  all  oxidized  to  nitrates. 
"  Now  green  plants,  speaking 
generally,  can  only  utilize  nitro- 
gen when  it  is  in  the  form  of 
nitrates,  so  in  this  way  the  cycle 
of  life  is  completed. 

But  on  the  way  round  there 
is  considerable  loss  of  nitrogen  ; 
much  passes  off  as  free  N  during 
the  reduction  of  soluble  matter  to 
ammonia,  and  the  same  occurs  to 
a  great  extent  by  the  action  of 
the  denitrifiers.  All  the  nitrogen 
therefore  does  not  come  back  to 
the  green  plants  in  the  form  of 
nitrates  and  this  loss  must  be 
made     up     somehow.       Plants, 


Fig.  ;!. — Center. — Nitrite  Reaction  with  Griess-Ilovsay 
Solution.     Left  and  Right. — No  Reaction. 


animals,  and  bacteria  we  have  so  far 
considered  can  use  and  waste  nitrogen, 
but  they  cannot  fix  it  from  the  air. 
Nor  is  there  in  nature  any  fixation  of 
nitrogen  by  chemical  processes — or  at 
least  only  to  a  very  limited  extent. 

There  is,  however,  a  class  of  bac- 
teria which  can  fix  free  N  from  the  air 
under  special  circumstances,  and  hand 
on  their  nitrogenous  surplus  products 
to  be  utilized  by  certain  green  plants, 
— the  leguminosse,  among  which  are 
peas,  beans,  clover,  locust  trees,  etc. 
These  bacteria  are  called  nitrogen 
fixers  and  are  universally  present  in 
the  soil. 

The  seed  of  a  leguminous  plant 
when  sown  contains  enough  nitrogen 
to  start  the  young  plant  growing.  The 
stem  shoots  up  a  little  way  and  the 
rootlets  penetrate  the  soil  to  a  consid- 
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r.ible   depth  before  the  young  plant  feels  the  necessity  for  more  nitrogen.     As 
he  rootlets  extend,  the  nitrogen  fixers   penetrate  into  them,  and,  growing  there, 

form  small  nodules,  which  gradually  increase   in   size  as  the  bacteria  multiply. 

See  photograph  i  Fig.  r>)  of  nodules  on  roots  of  locust  tree. 


Fig.  5. — Nodules  on  Roots  of  Locust  Tree. 

At  first  the  bacteria  grow  at  the  expense  of  the  plant,  but  when  once  they 
have  made  a  good  start  they  become  able  to  make  use  of  the  free  N  of  the  air, 
forming  certain  nitrogenous  products.  Whether  these  products  are  in  the  form 
of  nitrates  or  some  other  compound,  is  not  yet  determined,  but  at  any  rate  the 
plant  can  utilize  them,  obtaining  in  this  way  nitrogen  necessary  for  its    growth. 


iKopriiiUxl  from  the  JOIKSAL  OF  APPLIED  MICROSCOPY  AND  LABORATORY  METHODS. 
Rix-hcsttr.  N.  Y..  Vol.  V.  No.  9.] 

Page  liiso  The  plant  continues  to  supply  the  bacteria  with  carbohydrates,  which  it  can  build 
up  from  COo  and  H^O,  and  in  return  receives  the  surplus  nitrogen  of  the 
bacteria. 

Leguminous  plants,  when  they  die,  always  return  more  fixed  nitrogen  to  the 
soil  than  they  take  away  from  it,  and  in  this  way  the  cycle  of   life  is  perfected." 

The    plants  are  then  shown  to  the  class  and  cultures  of  nitrogen  fixers    are 
provided  for  examination.  B.  H.  Buxton. 
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With  4  Plates. 
IXTRODUCTOUY. 

The  first  step  toward  dividiug  the  cerebral  cortex  into  structural 
areas  corresponding  with  the  functional  localization^  determined  by  the 
experiments  of  Fritsch  and  Hitzig,  was  made  when  the  giant  cells  of 
Betz  were  discovered  and  found  to  be  characteristic  of  the  motor  area. 
These  cells,  described  by  various  authors  for  man,  were  later  identified 
by  Bevan  Lewis  in  the  pig,  sheep,  cat  and  other  animals,  and  found  to 
be  also  present  in  isolated  groups  behind  the  motor  area. 

Nissl's  method  of  staining  nerve  cells  has,  as  I  believe,  furnished  us 
with  a  means  of  carrying  such  investigation  further  than  was  possible 
by  the  older  technique. 

We  are  as  yet  unable  to  distinguish  specific  differences  between  cor- 
tical nerve  cells.  It  is,  for  instance,  impossible  to  show  such  a  difEer- 
ence  between  cortical  nerve  cells  in  the  auditory  and  those  in  the  visual 
path.  We  can,  however,  say  that  the  entire  cortical  visual  center,  con- 
sidered as  an  organ,  difllers  from  the  auditory  or  other  cortical  centers. 

In  order  for  us  to  determine  whether  any  relation  can  be  shown  be- 
tween the  variations  in  the  structure  of  the  different  regions  in  the 
cortex,  on  the  one  hand,  and  the  function  of  these  respective  regions  on 
tlie  other  hand,  we  must  examine  the  largest  possible  number  of  brains, 
not  only  of  those  of  one  species  of  animals,  but  also  those  of  animals  in 
different  stages  of  phylogenetie  development. 

From  such  comparative  studies  it  has  been  found  to  be  true  that  in 
animals  whose  organs  of  sense  are  equally  well  developed,  but  have  not, 
on  the  whole,  reached  a  high  degree  of  specialization,  no  great  differ- 
ences in  the  structure  of  the  cortex  can  be  observd.  This  seems  to  be 
the  case  with  the  brain  of  the  pteropus,  the  cat,  and  somewhat  less  so 
of  the  dog.     On  the  other  hand,  in  correlation  with  the  special  develop- 
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meat  ol'  a  givcu  .sense  organ,  the  corresponding  cortical  area  presents  a 
marked  specialization  as  compared  with  the  surrounding  regions.  In 
the  brain  of  the  horse,  for  instance,  the  olfactory  region  seems  to  be  very 
highly  developed,  and  is  plainly  distinguishable  from  the  remaining  cor- 
tex. The  other  organs  of  sense  in  that  animal  do  not  seem  to  have 
reached  such  a  high  degree  of  development,  and  the  cortical  areas  corre- 
sponding to  tliese  organs  are  accordingly  less  developed  and  less  marked. 
In  the  brain  of  the  monkey  and  of  man,  we  find  several  regions  charac- 
teristically develoj)ed  and  sharply  defined,  a  fact  which  corresponds  to 
the  development  of  the  sense  organs  associated  with  these  several  regions. 

Much  confusion  has  arisen  in  comparing  the  findings  of  different 
investigators  who  have  used  dissimilar  methods. 

Another  source  of  error  lies,  I  believe,  in  the  fact  that  only  small 
pieces  of  the  cortex  taken  from  different  regions  were  examined.  Tliere 
have  never  been  made,  to  my  knowledge,  entire  sections  through  the  cere- 
bral cortex,  especially  that  of  the  human  brain,  for  this  purpose,  and  on 
that  account  a  continued  picture  was  not  obtained.  The  sections  which 
I  have  prepared  were  made  through  the  entire  hemisphere,  frontally, 
horizontally,  as  well  as  sagittally,  thus  presenting  a  nearly  continuous 
picture.  A  disadvantage  of  these  entire  sections,  however,  is  met  in  the 
fact  that  in  many  places  the  cortex  was  not  cut  perpendicularly,  and 
hence  the  cells  assumed  a  different  shape.  These  pictures  can  be  easily 
recognized,  however,  if  one  has  a  little  experience  in  microscopy  of  the 
cerebral  cortex.  The  principal  cause  of  the  general  lack  of  agreement  as 
to  tlie  structure  of  the  cortex  is,  however,  duo  to  the  living  down  of 
general  conclusions  drawn  from  a  study  of  the  brains  of  lower  animals 
without  sufSeient  comparison  witli  t!ie  human  cortex  wliich  is  very 
specially  constituted. 

Tlie  investigations  of  Fritsch  and  JTitzig  in  l^TO  followed  by  those 
of  Munk,  Ferrier,  Hitzig,  Goltz,  Flechsig,  Duret,  Carville,  Luciani, 
Tamburini,  Horsiey,  Scliiifer  and  others  have  furnished  us  with  a  solid 
experimental  basis  for  a  localization  of  function  in  the  cerebral  cortex 
of  the  lower  animal ;  while  the  results  of  human  clinico-patliological 
cases,  which  have  lately  been  examined  as  extensively  as  our  methods 
will  permit,  have  made  it  possible  to  institute  valuable  comparisons 
here.  If,  however,  we  undertake  to  compare  the  results  of  our  experi- 
mental investigation  of  animal  brains  with  those  obtained  in  clinico- 
pathologieal  cases  of  human  brains,  we  must  not  forget  that  the  differ- 
ent centers  vary  in  animals  and  man  and  also  among  animals  them- 
selves, with  regard  to  their  situation  in  the  cortex.  Such  variation  is 
to  be  explained  by  tlie  fact  that  a  specially  developed  cortical  center  in 
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an  animal  will  probably  occupy  more  space  than  tliose  not  so  highly 
developed,  and  thus  displace  the  other  less  developed  centers,  so  that 
these  may  come  to  occupy  a  position  different  from  that  in  other  ani- 
mals. Thus  according  to  the  experimental  investigations  of  Munk,  the 
visual  center  in  the  monkey  of  lower  types  is  in  the  operculum  ;  but  an 
attempt  to  locate  it  in  man  in  the  corresponding  region  would  result 
in  great  confusion,  as  it  is  not  situated  on  the  lateral  surface  of 
the  hemisphere  in  man  as  in  the  monkey,  but  on  the  medial  surface. 
This  displacement  of  the  visual  center  in  man  is  very  likely  brought 
about  by  the  more  highly  developed  association  centers  which  occupy 
the  lateral  surface  of  the  hemisphere  in  the  parietal  and  occipital  lobes. 

It  is  true,  some  investigators  still  adhere  to  the  idea  that  the  visual 
center  is  situated  on  the  lateral  surface  of  the  hemispheres,  but  such 
is  not  the  case  in  man. 

As  a  result  of  one  or  more  of  the  sources  of  error  just  enumerated  we 
iind  the  following  greatly  differing  views  maintained : 

Mcimtrt  found  five  layers  almost  everywhere  in  the  cortex,  except  in  the 
occipital  lobe  where  he  described  eig-ht  layers.  Other  investigators,  as  for 
instance  RamOii  y  Cajal,  consider  only  four  layers  as  the  common  type, 
the  cortex  presenting-,  however,  here  and  there  a  few  slight  variations 
which  can  yet  be  considered  part  of  the  four-layer  type.  In  his  later  writ- 
ing's, Ilumfjii  y  Ciijal  differs  slightly  from  his  former  opinion.  He  says,  con- 
cerning- the  sight-center  in  the  occipital  lobe,  "  The  investigations  which  I 
have  made  on  the  human  cortex,  as  -well  as  on  that  of  the  dog  and  cat  by 
both  Nissl  and  Golgi  methods,  have  led  me  to  distinguish  the  following 
layers: 

1.  Plexiform  layer  (called  molecular  layer  by  authors  generally,  and 
"cell-poor  layer"  by  Meynert). 

2.  Layer  of  small  pyramids. 

3.  Layer  of  medium-sized  pyramids. 

4.  Layer  of  large  stellate  cells. 

5.  Layer  of  small  stellate  cells.  (Called  "  layer  of  granules  "  l)y  other 
authors.) 

G.  Second  plexiform  layer,  or  layer  of  small  pyramidal  cells,  with  arched 
axon. 

7.  Layer  of  giant  pyramidal  cells  (solitary  cells  of  Meynert). 

8.  Layer  of  medium-sized  pyramidal  cells,  with  arched  ascending  axon. 

9.  Layer  of  fusiform  and  triangular  cells  (fusiform-cell  layer  of  Meynert). 
In   the    human    motor   cortex   Ramdn   y   Cajal    recognizes    the    following 

laj'ers : 

1.  Plexiform  layer  (layer  poor  in  cells  of  Meynert,  molecular  layer  of 
some  writers). 

2.  Layer  of  small  and  medium  sized  pyramids. 

3.  External  layer  of  giant  pyramids. 

4.  Layer  of  small  stellate  cells.     (Granule-cell   la3er  of  authors.) 
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5.  Internal  or  deep  layer  of  giant  pyramids. 

G.  Layer  of  polymorphic  cells  (fusiform  and  medium-sized  pyramids  of 
some  writers). 

Ton  Munakijtr  seems  to  share  the  view  formerly  expressed  by  Ram6n 
V  Cajal.  dohji  describes  three  layers,  and  even  the  cortex  of  the  occipital 
lobe,  according-  to  this  author,  contains  only  three  layers. 

Eoelliker  divides  the  cortex  into  four  and  six-layer  types,  as  follows: 

1.  The  white  cortical  layer  of  the  stratum  zonale,  poor  in   cells. 

2.  Layer  of  small   pyramidal  cells. 

3.  Layer  of  medium-sized  and  larpe  pyramidal  cells. 

4.  Layer  of  polymorphous  cells. 

In  many  convolutions,  he  found,  as  did  llammaberg,  six  layers,    thus: 

1.  Stratum  zonale. 

2.  First  layer  of  small  pyramidal  cells. 

.3.  First  layer  of  medium-sized  and  larg-e  pjramidal  cells. 

4.  Second  layer  of  small  pyramidal  cells. 

5.  Second  layer  of  medium-sized  and  large  pyramidal  cells, 
fi.  Layer    of   jwlymorphons  cells. 

Obersteiner  assumes  a  type  of  five  layers: 

1.  Layer  of  neuroglia  cells,  or  stratum  moleculare. 

2.  Layer  of  small  pyramidal  cells  of  outer  nerve-cell  layer. 

3.  Layer  of  large  pyramids,  formation  of  the  corun  ammonis  or  middle 
nerve  cell   layer. 

4.  Layer  of  the  small  irreg-ular  cells,  granule  formation,  or  mixed  nerve- 
cell   layer. 

5.  Layer  of  spindle  cells,  claustral  formation. 

According  to  Obersteiner,  a  few  slight  variations  occur  which  are,  how- 
ever, not  so  important  as  to  prevent  their  inclusion  in  the  five-layer 
structure.  He  is  nnable  to  find  the  eight  layers  of  Meynert,  and  believes 
that  nowhere,  and  especially  in  higher  animals,  do  sharp  differences  appear 
in  the  structure  of  the  cortex. 

Bevan  Lcicw  described,  in  the  cortex,  a  structure  of  live  and  six  layers. 
The  five-layer  structure  is  found  in  man  and  monkeys  in  front  of  the 
central  sulcus,  corresponding-  to  the  anterior  central  gyrus.  In  the  lower 
animals  which  he  examined,  he  found  it  surrounding  the  fissura  cruciata. 
This  five-layer  type  is,  according  to  him.  characteristic  of  the  motor  area. 
The  six-layer  type  is  found  behind  the  central  s\ilcus  and  is  believed  to  be 
characteristic  of  the  sensory  cortex. 

Hamnuiberg,  who  made  a  great  number  of  accurate  investigations  of  the 
human  cerebral  cortex,  seems  to  incline  towards  the  opinion  of   Lewis. 


COMP.\i;.\'riVK  .VXATOMY  OF  COirriCAT,  l^EGIOXS. 

I  shall  now  endeavor  to  describe  the  cortex  of  various  animals,  com- 
paring the  functional  centers  according  to  structure  and  localization. 
I  have  examined  sections  of  six  different  animals,  which  are  phylo- 
genetically  fairly  well  separated  from  one  another. 
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1.  I'teropus.  ^  Horse.  3.  Cat.  4.  Dog.  5.  Monkoy  (^lacacus 
Cynoiuolgus),  and  0.  Man.' 

Olfactory  Eegion. 

The  olfactory  center  is  of  variable  extent  in  the  animals  examined, 
being  largest  in  the  horse  and  smallest  in  man.  That  portion  of  the 
cortex  which  can  vmdoubtedly  be  considered  the  olfactory  cortex,  pre- 
sents in  the  pteropus,  horse,  cat,  dog,  monkey,  and  man,  a  rather  char- 
acteristic structure,  which  is  due  to  the  fact  that  the  cells  in  the  outer 
polymorphous  cell  layer,  arrange  themselves  in  smaller  and  larger 
groups,  thus  giving  to  this  layer  an  interrupted  appearance.  In  some 
places,  especially  in  the  olfactory  tract,  these  cells  lie  so  close  together 
(not  in  groups)  and  are  so  deeply  stained,  that  one  can  distinguish 
plainly  between  this  layer  and  the  same  layer  in  other  cortical  centers. 

In  the  pteropus,  this  peculiar  structure  extends  over  a  comparatively 
large  area  of  the  ventral  and  lateral  parts  of  the  hemisphere;  its  limits 
are  difficult  to  describe  precisely,  owing  to  the  fact  that  this  brain  con- 
tains no  fissures  which  could  be  used  as  landmarks. 

In  the  dog,  cat,  and  monkey,  this  type  is  limited  to  the  hippocanipal 
_g3'rus  and  seems  to  extend  into  the  posterior  portion  of  the  gyrus  forni- 
catus;  it  then  passes  into  the  olfactory  tract,  where  nearly  all  the  pyra- 
midal cells  disappear,  only  a  few  polymorphous  cells  remaining  iu 
place  of  the  pyramidal  cells. 

In  the  human  cortex  this  type  is  confined  to  a  very  small  area  in  the 
hippocampal  gyrus  bordering  on  one  side,  on  the  formatio  cornu  ammo- 
nis,  of  which  it  seems  to  be  the  continuation,  while  on  the  other  side  it 
is  in  contact  with  the  seven-layer  type. 

One  can  plainly  see,  when  approaching  the  olfactory  region  from  the 
seven-layer  type  (to  be  described  xmder  a  separate  heading),  the  granule- 
cell  layer  disappear  and  the  pyramidal  cells  diminish  in  number  and 
finally  seem  to  be  transformed  into  polymorphous  and  spindle  shaped 
cells,  which  lie  between  the  characteristic  outer  layer  and  inner  layer 
of  polymorphous  cells. 

In  the  cortex  of  the  horse's  brain,  this  type  occupies  a  more  promi- 

'  Of  the  horse  and  of  man,  I  lost  coDsiderable  material,  especially  the  temporal  lobe 
of  man,  so  that  at  present  my  sections  will  not  suffice  to  give  a  complete  picture  of 
the  cortex  of  horse  and  man.  I  have,  however,  noted  in  the  body  of  the  text  certain 
observations,  and  should  add  here  that,  in  a  horse's  brain,  the  tiner  structure  difTers 
from  that  of  the  cortex  of  other  animals  in  that  one  sees  clearly,  with  the  exception 
of  a  few  limited  regions,  six  layers  in  which  two  stripes,  the  stripes  Gannari  or 
Baillarger,  can  be  plainly  seen. 
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nent  position;  it  is  present  in  the  gyrus  fornicatus  where  the  latter 
passes  into  the  hippocampal  gyrus,  and  in  the  markedly  developed  ante- 
rior portion  which  passes  from  the  medial  to  the  lateral  frontal  surface 
of  the  hemisphere.  This  addition  to  the  gyrus  fornicatus  gives  to  the 
brain  of  the  horse  the  aspect  of  jwssessing  a  large  frontal  lobe.  Such, 
however,  is  not  the  case,  for  in  the  brain  of  the  horse  the  characteristic 
structure  of  the  frontal  lobe  is  absent.  I  believe  we  may  consider  this 
extensive  cortical  region  as  a  part  of  the  olfactory  center.  A  peculiar 
feature  of  this  region,  however,  is  the  presence  of  large  motor  pyra- 
midal cells,  evidently  signifying  that  the  olfactory  and  motor  centers 
are  here  merging  into  one  another. 

MoTou  Area. 

This  area  is  mainly  distinguished  by  the  large  pyramidal  cells  of 
Betz.  These  giant  cells  are  not  similar  in  shape  or  in  size  in  different 
animals.  In  the  horse  they  average  about  0.44  mm.  in  length  and 
0.3T4  mm.  in  width.  In  the  pteropus  the  length  of  the  largest  cell  is 
0.30  mm.  and  its  width  at  the  base  0.18  mm.  In  the  cat,  however,  these 
giant  cells  measure  0.612  mm.  in  length  and  about  0.468  mm.  in  width 
at  the  base  of  the  cell.  In  the  dog  they  measure  0.72  mm.  by  0.324  mm. ; 
in  the  monkey,  0.468  mm.  by  0.316  mm.;  in  man,  0..54  nmi.  by  0.36  mm. 
These  large  pyramidal  cells  of  the  human  cortex  frequently  show  a  mass 
of  pigment  surrounding  the  nucleus,  which  I  have  not  seen  in  pyramidal 
cells  of  lower  animals. 

In  the  cortex  of  the  pteropus,  the  cat,  the  dog,  the  monkey  and  of 
man,  the  motor  area  presents  a  structure  of  five  layers. 

In  the  horse  we  can  also  assume  fi\'e  layers,  but  the  imier  stripe  of 
Baillarger  is  here  so  clearly  defined  that  it  can  be  considered  a  special 
layer,  making  a  six  laj'er  type,  though  such  a  distinction  would  be  arbi- 
trarily based  on  the  position  of  the  large  pyramidal  cells  in  the  uppiT 
portion  of  the  stripe  of  Baillarger,  leaving  the  lower  portion  poor  in 
cells,  and  giving  it  the  appearance  of  a  distinct  layer. 

In  the  motor  area  of  the  human  cortex,  there  is  present  a  suggestion 
of  the  granule-cell  layer.  This  granule-cell  layer  does  not  ai)pear 
clearly  if  at  all  in  the  motor  area  of  lower  animals. 

The  motor  cortex  in  the  dog,  the  monkey  and  in  man  (less  clearly  so 
in  the  cat,  horse  and  pteropus)  is  much  wider  than  the  sensory  cortex 
Ijriug  behind  it,  but  the  cells  in  the  sensory  cortex  lie  much  more  closely 
together  and  are  also  much  smaller. 

The  ratio  of  the  depth  nf  the  motor  cortex  compared  with  the  sensory 
cortex  is  in : 
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Dog  as  2.210  :  1.690 
Monkey  2.340  :  1.590 
Man  3.510  :  1.820 

It  is  evident  from  these  figures  that  this  difference  between  the  motor 
and  sensory  cortex  is  least  in  the  dog  and  most  in  man. 

In  the  pteropus,  tlie  large  cells  are  distributed  over  a  relatively  large 
cortical  area  in  the  anterior  portion  of  the  hemisphere  on  its  lateral  as 
well  as  on  its  medial  sxirface.  They  are  situated  in  the  fourth  layer  of 
the  five  layer  type.  For  the  reason  that  relatively  large  cells  are  found 
in  the  pteropus  in  such  large  numbers,  and  are  spread  over  so  large  an 
area,  I  am  inclined  to  doubt  that  these  really  represent  the  motor  cells 
only.  These  cells,  being  in  a  parapyknomorphic  state,  do  not  differ 
from  the  other  j)yraniidal  cells  in  the  same  region,  whereas  the  motor  or 
large  pyramidal  cells  in  higher  animals  are  in  a  pyknomorjjhie  state, 
compared  with  the  parapyknomorphic  state  of  the  smaller  pyramidal 
cells  in  the  same  region. 

In  the  cat  and  the  dog.  these  cells  lie  in  a  limited  area  surrounding 
the  fissura  cruciata. 

In  the  monkey,  they  lie  in  the  well  defined  anterior  central  gyrus,  but 
isolated  cells  are  still  found  in  the  posterior  central  gvTus.  They  do 
not,  however,  reach  as  far  ventralward  in  the  posterior  central  gyrus  as 
the  stem  of  the  fissure  of  Sylvius,  but  only  as  far  as  the  lower  extremity 
of  the  central  sulcus  of  Rolando,  wliich  is  shorter  comparatively  in  the 
monkey  than  in  man.  The  large  pyramidal  cells  in  the  posterior  central 
gjTus  are  not  so  large  as  the  same  cells  in  the  anterior  central. 

In  the  human  cortex,  the  large  pyramidal  cells  are  found  in  the  ante- 
rior central  gyrus.  Both  in  size  and  in  numbers  they  reach  their  high- 
est point  of  develoj)ment  in  the  dorsal  portion  of  the  anterior  central, 
but  diminish  in  both  respects  as  they  approach  the  ventral  extremity  of 
this  gyrus.  Anteriorly  from  the  anterior  central  gyrus  tjiey  occur  only 
in  small  numbers  in  the  posterior  extremity  of  the  upper  and  middle 
frontal  gyri. 

On  examination  of  the  motor  area,  with  a  low  power  lens  (a.  a.  Zeiss), 
one  observes  the  peculiar  fact  that  in  lower  animals  the  large  pyramidal 
cells  are  crowded  closely  together  and  presumably  on  that  account  occupy 
a  limited  area,  while  in  man  the  cells  are  more  scattered  and  cover  a 
comparatively  larger  area  of  the  cortex.  Posteriorly  from  the  anterior 
central  gyrus,  the  boundary  being  formed  by  the  central  sulcus  (fissure 
of  Eolando),  the  motor  type  passes  abruptly  into  the  seven  layer  type, 
while  toward  the  frontal  lobe  the  transition  into  the  seven  layer  tj-pe 
is  gradual.     This  latter  type  in  the  frontal  lobe  resembles  the  parietal 
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type  in  that  it  can  be  divided  into  seven  layers,  but  differs  from  it  with 
regard  to  the  structure  of  the  pyknomorphous  or  deeply  stained  pyra- 
midal cells. 

The  motor  cortex  of  the  animals  studied  presents  the  following  five 
layer  type: 

1.  Layer  of  glia  or  tangential  fibers. 

2.  Outer  layer  of  polymorphous  cells. 

3.  Layer  of  parapyknomorphous  pyramidal  cells. 

4.  Layer  of  large  pyknomorphous  pyramidal  cells  (Betz's  pyramidal 
cells  or  Lewis'  ganglionic  cells). 

5.  Inner  layer  of  polymorphous  cells. 

The  pyramidal  cells  of  the  third  layer  are  distinguished  not  only  by 
their  smaller  size,  but  also  by  the  structure  of  their  chromatic  substance, 
wliich  is  more  or  less  reticular.  We  can  therefore  designate  these  cells 
according  to  Xissl's  nomenclature  as  arkyochrome  cells.  The  large 
pyramidal  cells  of  the  motor  area,  on  the  other  hand,  as  well  as  a  great 
number  of  the  pyknomorphous  cells  of  the  fourth  and  si.xth  layers  of 
the  parietal  and  temporal  regions  present  the  characteristic  sticho- 
chrome  structure. 

The  Seven-Layer  Type. 

It  is  difficult  to  give  this  type  a  functional  name,  because  it  extends, 
in  the  human  brain,  over  a  very  large  area,  in  which  we  must  look  for 
more  than  one  function.     In  the  human  brain  it  is  found  in — 

(1)  The  whole  parietal  lobe,  wliich  we  can  assume  with  tolerable  cer- 
tainty to  be  in  part  the  cortical  center  of  sensation. 

(2)  The  entire  lateral  portion  of  the  occipital  lobe. 

(3)  The  whole  frontal  lobe. 

(4)  The  temporal  lobe,  wherein  a  few  modifications  are  found. 

(5)  The  prsecuneus. 

(6)  The  region  of  the  island  of  Reil,  where  again  some  slight  modifi- 
cations occur. 

It  is  probable  that  in  this  cortex  are  situated  the  different  centers  of 
association,  which  have  been  described  by  Flechsig. 

In  the  brain  of  the  monkey  this  type  is  comparatively  less  extensive 
in  proportion  to  the  well  defined  motor  and  visual  centers. 

In  the  ccrrtex  of  the  dog  and  cat,  it  occupies  a  much  smaller  area  and 
is  not  so  clearly  defined.  Owing  to  the  absence  of  the  frontal  lobe  in 
these  animals,  this  type  is  entirely  wanting  in  front  of  the  motor  zone. 

/n  the  Ptcroptts  this  ti/pe  is  nowhere  present  in  the  cortex. 
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The  seven  layek  type  may  xoav  be  compared  with  the  five 
layer  type   (motor  area)    as  follows: 

The  first  laj'er  (layer  of  glia  and  tangential  fibers,  molecular  layer)  is 
similar  in  structure  to  that  of  the  motor  area,  but  is  narrower.  The  second 
layer  is  similar  to  that  in  the  motor  area.  The  third  is  also  similar  to  that 
of  the  motor  reg'ion,  but  is  much  narrower  in  many  places,  especially  on 
the  convexities  of  the  convolutions.  The  fourth  is  a  layer  of  pj-knomor- 
phous  pyramidal  cells,  which  can  be  disting'uished  from  the  third  layer  by 
the  more  intense  staining-  of  the  cells.  This  layer  does  not  exist  as  such  in 
the  motor  region.  The  fifth  layer  is  Hammaberg's  fourth  layer,  or  the 
layer  of  g^ranule  cells  of  other  authors.  Koelliker  named  it  the  second 
layer  of  small  pyramids.  This  layer  does  not  exist  in  the  motor  region,  of 
the  brains  of  the  lower  animals  I  have  examined;  in  man  just  a  trace  of  it 
is  seen  in  the  motor  region,  but  it  is  not  sufficiently  developed  to  permit 
one  to  distinguish  it  as  a  separate  layer.  The  sixth  layer  is  again  a  layer 
of  pjknomorijhous  pyramidal  cells,  the  ganglionic  cells  of  Lewis.  This 
layer  seems  to  be  a  continuation  of  the  fourth  layer  of  the  motor  region. 
The  seventh  layer  is  the  inner  layer  of  polymorphous  cells.  This  layer 
corresponds  to  the  fifth  of   the  motor  region. 

We  therefore  have  the  following  layers  in  the  seven  layer  type : 
1.  Layer  of  glia  or  outer  layer  of  tangential  fibers. 
9.  Onter  layer  of  pohmorphous  cells. 

3.  Layer  of  parapyknomorphous  pyramidal  cells. 

4.  Outer  laj'er  of  j^yknomorphoiis  pyramidal  cells. 
.5.  Layer  of  granule  cells. 

6.  Inner  iaj'er  of  pyknomorphous  pyramidal  cells. 

7.  Inner  layer  of  polymorphous  cells. 

In  the  dog,  the  monkey  and  in  man,  the  transition  from  the  motor  to 
the  seven-layer  type  can  be  distinctly  recognized.  In  man,  monkey,  and 
dog,  less  distinctly  in  the  cat,  the  large  pyramidal  ceils  of  the  motor  area 
become  smaller  at  the  point  of  transition  and  arrange  themselves  in 
two  rows,  between  which  the  granule-cell  layer  (fourth  layer  of  Ham- 
maberg,  Eamon  y  Oajal's  layer  of  small  stellate  cells)  is  distinctly 
seen,  giving  to  this  type  its  characteristic  appearance. 

The  granule-cell  layer  is  always  present  in  this  type.  The  two  layers 
of  pyknomorphous  pyramidal  cells,  however,  are  subject  to  variation. 
There  are  places  in  the  corte.x  where  the  outer  layer  of  pyknomorphous 
pyramidal  cells  is  wanting  and  their  place  is  taken  by  the  parapykno- 
morphous pyramidal  cells  of  the  third  layer,  so  that  in  these  places  the 
fourtli  layer  is  absent.  Then  again,  there  are  places  where  the  inner 
pyknomorphous  pyramidal  cells  are  missing  and  where,  more  or  less 
clearly,  can  be  seen  a  light  stripe,  which  is  known  as  the  inner  stripe  of 
Baillarger.     This   condition    is   most   frequently   found    in   the   human 
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cortex,  so  that  it  can  be  accepted  as  the  rule  there.  In  the  dog  and 
monkey,  on  the  other  hand,  the  inner  layer  of  pyknoniori)hous  pyra- 
midal cells  is  very  distinctly  developed  and  spread  over  a  fairly  large 
area.  Now  if,  as  is  generally  done,  small  pieces  of  the  cortex  are  cut 
here  and  there  from  the  surface  of  the  hemispheres,  it  may  happen  that 
either  the  outer  or  the  inner  layer  of  pyknomorphous  pyramidal  cells 
alone  is  present  (in  most  places  the  outer  layer,  as  it  is  present  almost 
everywhere  in  the  seven-layer  type),  a  study  of  such  pieces  might  lead 
one  to  believe  that  the  inner  or  outer  layer  of  pyknomorphous  pyra- 
midal cells  does  not  exist  at  all.  In  those  places  where  the  internal 
layer  of  pyknomorphous  pyramidal  cells  is  absent,  it  is  difficult  to  recog- 
nize a  seven-layer  type,  if  by  absence  of  these  cells  the  stripe  of  Bail- 
larger  is  not  plainly  brought  to  view.  I  have  not  as  yet  been  aljle  to 
definitely  fix  the  exact  points,  where  these  variations  occur,  but  one  can 
see  that  these  pyknomorphous  pyramidal  cells  are  present  in  greater 
numbers  in  the  dorsal  than  in  the  ventral  portion  of  the  parietal  lobe. 
It  is  also  noticeable,  that  the  inner  layer  of  pyknomorphous  pyramidal 
cells  disappears  as  the  occipital  lobe  is  approached,  so  that  posteriorly 
the  stripe  of  Baillarger  comes  more  into  view. 

The  seven-layer  type  is  found  in  the  dog,  behind  the  fissura  cruciata, 
and  extends  baek^vard  to  within  2  cm.  of  the  occipital  pole.  It  is  found 
less  sharply  marked  in  the  tem]}oral  lolie  and  is  entirely  absent  in  front 
of  the  fissura  cruciata. 

In  the  monkey  the  seven-layer  type  is  most  distinctly  marked  in  thi) 
parietal  region  lying  between  the  central  sulcus  and  the  external  occi- 
pital fissure,  or  ape  cleft.  In  the  temporal  lobe  this  type  undergoes  a 
modification,  which  will  be  described  below.  In  front  of  the  fissure 
which  corresponds  to  one  of  the  frontal  fissures  in  man  (Munk  calling 
it  "  Harkeuf urehe  "  in  the  monkey),  this  type  is  again  evident  and  its 
limits  coincide  with  those  of  the  frontal  lobe. 

In  the  human  cortex,  this  type  extends,  as  I  have  stated  before,  over 
a  very  large  area.  It  is  found  in  the  parietal  lobe  and  in  the  praecuneiis. 
It  occupies  the  entire  lateral  surface  of  the  occipital  lobe,  and  extend*, 
modified,  into  the  temporal  lobe. 

On  examining-  tliis  type,  the  question  suggests  itself,  what  ma^'  the  func- 
tion of  tliis  seven-layered  cortex  be?  Extirpation  experiments  performed  on 
the  Monkej',  especiallj'  those  of  Munk,  seem  to  show  that  the  muscular 
sense  is  located  in  the  parietal  lobe.  But  he  points  out  two  areas  in  the 
monkej'  showing  this  type,  the  destruction  of  which  is  not  followed  by  any 
focal  symptoms.  Of  these  two  cortical  regions,  one  lies  in  front  of  the 
frontal  sulcus.  Harkenfurche,  which  undoubtedly  corresponds  to  the  frontal 
lobe  in  man,  and  the  other  is  a  small  area  at  the  posterior  dorsal  extremity 
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of  the  inter-parietal  sulcus  iu  front  of  the  ape  cleft.  The  observations  in 
regard  to  this  tjpe  iu  the  human  cortex  do  not  agree  and  are  not  conclu- 
sive as  Von  ilouako^v  points  out.  His  discussion  of  the  three  cases  of 
Vetter,  Grasset,  and  one  of  his  own,  together  with  a  later  case  of  Starr  and 
McCosh,  permit  us  to  conclude  that  it  is  fairly  probable  that  in  the  monkey 
and  man,  the  parietal  area  is  iu  part  the  center  for  muscular  sense,  and  as 
the  sensory  fibers  (continuation  of  the  lemniscus)  run  into  the  parietal 
lobe,  the  center  for  tactile,  pain  and  temiierature  sense  lies  in  part  also 
;here  and  probably  extends  to  the  anterior  central  gjrus. 

In  the  frontal  lobe,  lesions  have  occurred  accompanied  by  no  focal  symp- 
toms, but  in  larger  lesions  confined  to  this  region,  peculiar  changes  in  the 
individual's  character  have  been  observed,  such  as  loss  of  the  sense  of 
morality  and  decency. 

It  has  been  found  that  all  these  areas  show  a  nearlj-  similar  structure, 
namely,  tliat  of  seven  layers.  In  how  far  are  we  able  to  say  they  resemble 
each  other  functionally?  Flechsig,  basing  his  opinion  upon  his  investiga- 
tions of  the  development  of  the  medullary  sheaths,  declared  the  parietal 
lobe  to  be  one  of  four  association  centers;  the  other  three  being  in  the 
frontal  lobe,  in  the  region  of  the  island  of  Eeil,  and  in  the  temporal  lobe 
Flechsig  also  found,  that  the  structure  was  the  same  in  these  different 
regions. 

That  the  parietal  lobe  is  only  an  association  center,  as  is  believed  by 
Flechsig,  seems  to  be  incorrect,  considering  the  clinico-pathological  observa- 
tions, and,  according  to  the  investigations  of  v.  Jfonakow,  the  fibers  con- 
tinue from  the  lemniscus,  extend  )iriu<'i|i:iliy  into  the  parietal  lobe. 
Nevertheless,  the  structure  of  the  parietal  cortex  is  similar  to  that  of  the 
frontal  cortex. 

The  investigations  of  Golgi,  Martinotti,  Kamon  y  Cajal  and  Koelliker 
have  shown,  that  in  the  layer  of  granule  cells  are  found  the  cells  of  Mar- 
tinotti, or  that  mosi  of  these  granule  cells  are  Golgi  cells  of  type  II.  The 
Martinotti  cells  possess  ascending  axones,  which  are  partly  distributed  in 
the  outer  layer  of  tangential  fibers,  and  partly  end  in  horizontal  fibers 
before  reaching  the  outer  layer.  We  can,  therefore,  judging  from  the 
course  of  the  axones,  say  that  these  cells  do  not  send  out  centrifugal  im- 
pidses. 

The  granide  cells  present  the  smallest  numerical  development  in  the 
motor  area,  but  are  found  in  g^eat  numbers  in  the  parietal  region,  where 
they  form  a  new  layer.  These  cells  are  most  numerous  in  the  visual  center, 
which  undoubtedly  is  the  most  specialized  center  in  the  cortex  of  man  and 
monkey. 

These  granule  cells — judging  from  their  anatomical  structure,  from  their 
position  in  the  cortex,  and  from  the  fact  that  they  are  found  in  greater 
numbers  in  those  centers  in  the  cortex,  in  which  probably  a  greater  num- 
ber of  centripetal  impulses  are  received,  while  they  occur  in  less  numbers 
in  those  centers  in  the  cortex,  in  which  probably  fewer  centripetal  Impulses 
are  received — probably  are  intermediate  cells,  which  receive  the  centripetal 
impulses,  and  transmit  them  further  by  their  ascending  axones  to  the  den- 
drites of  the  pyramidal  cells  (association  and  projectional  cells),  whence 
they  reach  their  destination  in  a  descending  direction.     Such  impulses  need 


270  Microscopic  Structure  of  Cortical  Areas 

not  come  from  tlic  |)fri|)lieiy.  Init   may  loiiu'  from  difforpnt  regions  of  the 
cortex. 

Aluitouv  Keuiox. 

This  center  is,  judging  from  its  structure,  still  a  part  of  the  seven- 
layer  type,  but  as  the  localization  is  known  with  a  fair  degree  of  cer- 
tainty, I  will  describe  it,  as  others  have  done,  as  the  auditory  center. 

Experimental  investigation  made  on  animals  has  shown  that  the  tem- 
poral lobe  is  the  seat  of  the  auditory  center.  Thus,  Munk  has  caused 
deafness  by  extirpating  the  temporal  lobe  in  monkeys;  and  in  man,  on 
the  basis  of  clinico-pathological  observations,  the  auditory  center  was 
also  located  in  the  temporal  lobe.  Flechsig  has  followed  the  auditory 
fibers  from  the  lower  auditory  centers  directly  to  the  transverse  tem- 
poral gyri  and  to  the  superior  temporal  gyrus  opposite  the  transverse 
gj-ri. 

I  have  succeeded  in  preparing  sections  of  the  temporal  lobe  of  the 
pteropus,  cat,  dog  and  monkey;  but  in  the  brain  of  the  horse  the  stain 
of  the  sections  was  not  a  good  one,  and  of  the  human  brain  the  greater 
part  of  the  temporal  lobe  was  injured  in  preparing.  I  shall,  therefore, 
be  able  to  describe  this,  as  well  as  several  other  portions  of  the  cortex  in 
man  and  the  horse,  only  later  on. 

In  the  pteropus  I  have  not  been  able  to  find  any  important  dif- 
ferences from  the  general  type ;  in  the  cat  and  dog  indistinctly ;  but  in 
the  monlcey  I  have  found  more  plainly  the  following  deviations  from  the 
contiguous  parietal  type.  In  the  temporal  lobe,  principally  two  layers 
of  cells  increase  in  size — the  granule  layer  and  inner  layer  of  poly- 
morphous cells.  One  can  also  notice  that  in  the  inner  layer  of  pykno- 
niorphous  pyramidal  cells  the  pyramidal  cells  increase  in  number,  this 
being  not  so  conspicuous  as  the  increase  in  the  two  aforementioned  lay- 
ers. The  inner  layer  of  pyknomorphous  pyramidal  cells  adjoins  a  little 
more  closely  the  granule-cell  layer,  and  therefore  the  stripe  of  Baillarger 
is  plainly  visible  between  the  inner  layer  of  polymorphous  cells  and  the 
inner  layer  of  pyknomorphous  i)yramidal  cells,  thus  suggesting  a  struc- 
ture of  eight  layers.  The  most  striking  feature  of  the  cortex  in  the 
auditory  region  is  the  enormous  increase  of  cells  in  the  granule  cell  layer, 
and  in  the  inner  layer  of  polymorphous  cells,  as  compared  with  what  is 
found  elsewhere  in  the  seven-layered  cortex. 

Visual  Center. 

The  visual  center  has  aroused  the  greatest  interest  on  account  of  ex- 
perimental and  clinical  observation.  But  up  to  the  present,  it  still 
seems  unsettled  as  to  where  it  is  located  and  how  far  it  extends  in  the 
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cerebral  cortex.  The  greatest  numljer  of  experiments  regarding  the 
localization  of  this  center  in  the  cerebral  cortex  of  animals  have  boon 
made  by  Hunk  and  Ferrier. 

Ferrier  considers  himself  justified  in  the  belief  tli:il  the  visual  center  is 
situated  in  the  angular  syrus. 

According'  to  Mnnk  the  visual  center  is  found  in  the  occipital  lobe.  In 
the  dog-  it  does  not,  however,  extend  as  in  the  monkey  to  the  occipital  pole, 
but  is  believed  by  him  to  be  situated  more  anteriorly  and  laterally. 

Where  is  the  visual  center  situated  in  the  human  cortex?  Many  investi- 
gators have  endeavored  to  answer  this  question,  but  xinfortunately  the 
observations  of  these  investigators  have  not  in  all  cases  led  to  the  same 
results. 

Heimclien  concludes  that  the  visual  center  is  confined  exclusively  to  that 
region  of  the  cortex  which  is  situated  around  the  anterior  two-thirds  of  the 
calcarine  fissvire. 

According  to  yiallrt  the  visual  center  is  found  in  the  entire  mesial  surface 
of  the  occipital  cortex,  and  does  not  extend  over  the  convex  surface  of  the 
hemisphere. 

tieyuin  locates  the  visual  center  in  the  cuneus  onlj-. 

IV/M  Munakow  believes  that  all  facts  necessarily  speak  in  favor  of  the 
view  that  the  visual  area  occupies  besides  the  entire  cortex  of  the  occipital 
convolutions  proper  (cuneus,  lingual  lobe,  gyrus  descen.  01-O.i),  also  at  least 
the  ijosterior  portion  of  the  angular  gyrus. 

Other  investigators,  as  Ferrier,  Goicers,  Anyelucci,  Bianchi,  Luciana,  and 
many  others  locate  the  visual  center  on  the  lateral  as  well  as  medial  sur- 
faces of  the  hemisphere. 

It  is  evident,  from  all  these  differing  opinions,  that  the  visual  center 
has  not  yet  boon  located  with  certainty  in  the  human  cortex. 

Structure. — The  visual  center  in  the  cortex  of  the  monkey  has  been 
determined  beyond  any  doubt,  and  accurately  located  by  the  experiments 
of  Munk.  This  sphere  is  situated  in  the  occipital  lobe  behind  the 
parieto-oceipital  fissure,  or  ape  cleft.  I  have  shown  that  anatomically 
this  cortical  sphere  presents  a  typical  and  characteristic  structure  and 
can  clearly  be  distinguished  from  adjoining  areas.  This  sudden  transi- 
tion in  structure  from  the  parietal  to  the  visual  cortex  is  very  striking 
and  sharply  marked.  It  is  situated  at  the  posterior  margin  of  the  ape 
cleft,  in  the  depth  of  Avhich  the  parietal  type  is  still  present. 

A  comparison  of  the  cortex  of  the  visual  region  with  the  adjoining 
cortex  of  the  parietal  region,  reveals  first  of  all  the  fact  that  the  radiat- 
ing fibers  in  the  cortex  do  not  appear  in  the  visual  region  as  is  so  plainly 
the  case  in  the  parietal  region ;  and  consequent  upon  that  fact  the  first 
layer,  or  layer  of  tangential  fibers,  is  not  as  wide  here  as  in  the  parietal 
region.     In  addition,  it  may  be  noticed  that  everywhere  in  the  visual 
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cortex  an  enormous  number  of  granule  cells  appear.  The  second,  third 
and  fourth  layers  can  at  first  sight  be  distinguished  only  indistinctly; 
but  after  a  more  careful  examination  of  the  field  one  docs  see  that  in 
the  second  layer  the  cells  are  set  more  closely  together  than  in  the  third, 
and,  owing  to  that  again,  the  fourth  layer  becomes  more  conspicuous. 
Besides,  there  are  in  this  fourth  layer  somewhat  larger  cells  than  in  the 
second  and  third.  Below  the  fourth  layer  one  sees  very  plainly  a  layer 
of  tangential  fibers  (the  stripe  of  Baillarger),  in  which  here  and  there 
are  found  large,  fusiform,  irregular  cells.  Then,  below  this  layer,  there 
is  a  very  conspicuous  and  marked  granule-cell  layer.  Then  follows 
another  layer  of  tangential  fibers  (inner  stripe  of  Baillarger),  in  which 
again  here  and  there  are  found  large  fusiform  cells.  Lastly,  the  inner 
layer,  or  layer  of  jiohinorphous  cells,  differs  from  the  layer  of  polymor- 
phous cells  in  the  parietal  and  motor  regions.  It  is  almost  twice  as 
wide  as  in  the  above  mentioned  two  types;  is  more  shaj-ply  marked  by 
the  great  number  of  cells  found  therein,  and  besides  there  are  seen  scat- 
tered here  and  there  large,  intensely  stained,  irregular  cells  which  have 
been  described  by  MejTiert,  who  named  them  "  solitary  cells."' 

Tliere  are,  therefore,  six  layers,  if  we  consider  the  second,  third  and 
fourth  layers  as  one.  If  we,  however,  count  each  one  separately,  then 
there  are  eight  layers,  as  follows : 

1.  Layer  of  glia  cells,  or  outer  layer  of  tangential  fibers. 

2.  Outer  layer  of  polymorphous  cells. 

3.  Layer  of  parapyknomorplious  pyramidal  cells  (liere,  however,  the 
cells  have  a  more  irregular  shape). 

4.  Layer  of  granule  cells,  with  somewhat  large,  irregular  cells,  among 
which  are  also  found  pyramidal  cells. 

r>.  Laj-er  of  tangential  fibers  (outer  stripe  of  Baillarger),  in  which 
stripe  irregular  cells  are  found. 

6.  Layer  of  granule  cells  (inner  layer). 

7.  Layer  of  tangential  fibers   (inner  stripe  of  Baillarger). 

8.  Layer  of  polraiorjihous  cells  (iimer  layer). 

In  the  dog  and  the  cat  the  visual  cortex  is  not  plainly  distinguishable 
from  the  remainder  of  the  cortex.  One  can  see,  however,  that  it  con- 
tains more  granule  cells  than  the  parietal  cortex.  Another  fact  which 
strikingl}/  coincides  iviih  this  is  the  corresponding  lad-  of  development 
of  the  lateral  geniculate  hodij  in  the  brain  of  the  dog  and  cat 

In  the  monkey,  whose  visual  cortex  is  very  highly  developed,  the  de- 
velopment of  the  lateral  geniculate  body  is  correspondingly  more 
marked  than  in  the  dog  and  cat.  The  lateral  geniculate  body  of  the 
human  brain  is  like  the  monkev's. 
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It  is  very  likely  that  the  pliyiogenetie  secondary  sight  centers  (cor- 
tex) of  the  dog  and  cat  have  not  relieved  the  phylogenetic  primary  sight 
centers  (Thalamus  and  corpora  quadrigemina)  of  their  functions  (in 
the  sense  of  Steiner)  to  such  a  degree  as  in  the  brain  of  the  monkey 
and  man ;  hence  the  lack  of  development  of  the  cortex  and  lateral  genic- 
ulate bodies  in  dog  and  cat.  It  is  possible  that  Goltz  was  not  entirely 
wrong  when  he  said  that  after  the  destruction  of  the  entire  cortex  of  the 
dog  ho  could  still  see  to  some  extent. 

If  this  cortex,  which  presents  such  a  characteristic  structure  in  the 
monkey,  and  which  is  so  sharply  and  so  plainly  differentiated  from  the 
adjoining  parietal  cortex,  alone  represents  the  visiial  cortex  in  the 
monkey,  why  should  it  not  likewise  alone  represent  the  visual  cortex  in 
man?  We  may  assume,  with  fair  certainty,  this  to  be  the  case.  As  the 
\"isual  region  can  lie  sharply  defined  by  its  structure,  its  localization  also 
ought  to  be  definitely  fixed.  It  has  been  demonstrated  that  the  visual 
region  nowhere  passes  over  the  margin  of  the  longitudinal  fissure  onto 
the  convex  surface  of  the  hemisphere,  and  that  in  the  cases  examined 
by  myself,  it  assumes  a  pyramidal  shape.  The  point  of  the  pyramid 
lay  in  the  anterior  extremity  of  the  ealcarine  fissure,  the  base  posteriorly 
at  the  margin  of  the  longitudinal  fissure.  The  upper  side  of  the  pyra- 
mid projected  as  far  as  above  the  middle  of  the  cuneus,  the  lower  side 
do\m  to  the  gyrus  fusiformis  and  partly  into  it. 

It  is  possible  that  the  visual  region  varies  in  different  brains.  This 
variation  may  be  due  to  the  ealcarine  fissure,  the  course  and  extent  of 
which  is  variable  in  different  brains. 

GEXERAL. 

In  conclusion,  a  few  general  remarks  on  the  arrangement  of  the  cells 
of  tlie  cerebral  cortex  seem   desirable. 

In  the  human  cortex,  the  seven-layer  structure  seems  to  coincide, 
according  to  its  situation,  with  the  association  centers  of  Flechsig.  He 
says : 

"  The  plainly  evident  differences  in  the  .structure  of  the  cortex  of  the 
central  g-yri,  the  ealcarine  tissure,  the  hippocampal  g-yrus,  etc.,  have  already 
been  known  for  a  long  time,  though  strange  to  say  they  have  not  been 
sufficiently  appreciated.  On  the  other  hand,  it  requires  subtle  research  to 
demonstrate,  for  instance,  differences  between  the  cortex  of  the  second 
frontal  gyrus  of  the  inferior  parietal  gyrus,  of  the  second  temporal  gyrus, 
etc.  If  we  measure  the  ganglion  cells  for  their  largest  sizes,  we  obtain 
diiTerences  which  can  be  expressed  in  figures,  to  be  sure,  but  the  type, 
as  a  rule,  remains  the  same.  We  must,  however,  not  overlook  the  fact  that 
the  border  regions  of  sensory  and  association  centers  present  occasionally 
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transitioiKil  types.     Tlie  cortex  of  each  sensory  area  is  evidently  composed 
of  two  ditTerently  constructed  sets  of  layers: 

1.  The  layers  of  specific  elements  (the  spindle  cells  of  the  gryrus  forni- 
catus,  the  granule  cells  of  the  visual  sphere,  the  giant  cells  of  the  central 
gyri,  the  cylindrical  cells  of  the  auditory  area,  etc.);  and 

2.  The  elements  of  the  association  centers  which  spread  over  the  entire 
cortex. 

The  association  centers  contain  in  their  cortex  elements  only  of  the 
latter  kind,  but  these  layers  also  pass  into  sensory  centers,  so  that  the  latter 
frequently  present  slight  resemblances  of  the  structure  of  the  association 
centers. 

1  cannot  agree  to  everything  Flechsig  ?ays  here.  Tliat  in  some  places, 
as,  for  instance,  in  the  motor  area,  giant  cells  and  in  the  cornu  ammonis 
characteristic  cells  are  found,  is,  no  doubt,  plainly  evident.  But  I  can- 
not agree  with  him  when  he  says,  that  in  the  visual  area  only,  granule 
cells  are  found,  or  that  in  the  auditory  region  only  cylindrical  cells  are 
found,  or  that  only  in  the  anterior  portion  of  the  gjTus  fornicatus  are 
found  the  large  characteristic  spindle  cells.  The  granule  cells  which 
he  finds  only  in  the  visual  region,  are  found  almost  everywhere  in  the 
cerebral  cortex,  not  in  equal  numbers,  however,  as  I  have  already  pointed 
out.  The  cylindrical  cells,  which  he  claims  to  have  found"  only  in  the 
auditory  area,  1  have  not  been  able  to  find  in  that  part  of  the  temporal 
lobe,  of  which  I  have  obtained  good  specimens,  and  some  of  the  sectionj 
have  surely  been  made  through  the  auditory  area. 

The  main  distinction  between  the  different  cortical  regions  does  not 
appear  so  much  in  the  individual  cells  as  it  does  in  the  composition  of 
the  entire  cortex.  It  is  true  that  the  large  giant  pyramidal  cells  are 
very  characteristic  of  the  motor  area,  and  in  the  visual  area  those  cells, 
which  may  be  considered  analogous  to  the  pyramidal  cells  in  the  adjoin- 
ing areas,  are  no  more  so  distinctly  pyramidal  in  shape.  These  modifi- 
cations can  probably  be  brought  into  accord  with  the  following  facts:  1 
have  already  pointed  out  that  in  the  visital  area  the  cells  are  no  more 
arranged  in  rows  perpendicularly  to  the  upper  surface  of  the  cortex,  and 
that  the  fiber  striations  are  no  longer  so  conspicuous.  We  may  conclude 
from  this,  that  the  radiating  fibers  are  not  developed  so  well  in  the  direc- 
tion of  the  outer  layer  of  tangential  fibers  as  in  the  stripes  of  Baillargcr. 
Tn  consequence,  these  two  inner  layers  of  tangential  fibers,  or  stripes  of 
Baillarger,  are  enormously  developed.  (The  fifth  and  seventh  layers  of 
the  eighth  layer  type.)  This  is  followed  by,  or  is  the  result  of,  the  fact 
that  thi!  cells  do  not  send  one  large  dendrite  to  the  periphery*,  giving 
them  a  pyramidal  shape,  but  send  many  dendrites  to  the  inner  layers  of 
the  tangential  fibers,  for  which  reason  they  become  more  polymorphous. 
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One  also  sees  in  tlie  innermost,  or  eiglith  layer,  the  solitary  eells  of  Mey- 
nevt,  whieli  were  not  found  to  be  so  large  in  any  other  jilace  in  the  layer 
of  jjolyniorphoiis  eells. 
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DESCRIPTION  OF  FIGUIJES  ON  PLATES  I,  II,  III  AND  IV. 

Fig.  1.  Olfactory  cortex  of  man. 

A.  Layer  of  gVia  cells  and  outer  layer  of  tangenital  fibers. 

B.  Outer  layer  of  polymorphous  cells,  cell  g^roup  formation. 

C.  Mixed  cells. 

D.  Inner  layer  of  polymorphous  cells. 

Fig.  2.  Olfactory  cortex  of  the  Pteropus. 

B.  The  characteristic  formation  of  cell  groups  in  the  outer  layer  of 
polymorphous  cells. 

Fig.  3.  Olfactory  cortex  of  the  dog's  brain. 

B.  The  characteristic  formation  of  cell  groups  in  the  outer  layer 
of  polymorphous  cells. 

Fig.  4.  Cortex  from  the  anterior  portion  of  the  gyrus  cinguli  (Limbic  lobe), 
where  the  latter  passes  onto  the  convex  surface  of  the  hemi- 
sphere. (Presumably,  the  olfactory  region  in  connection  viith 
the  motor  cortex.)     Horse's  brain. 

A.  Layer  of  glia  cells  and  outer  layer  of  tangential  fibers. 

B.  Outer  layer  of  polymorphous  cells,  showing  the  characteristic 

cell  group  formation. 

C.  Layer  of  parapyknomorphous  pyramidal  cells. 

D.  Layer  of  pyknomorphous  pyramidal  or  motor  cells. 
D'.  Inner  stripe  of  Baillarger. 

E.  Inner  layer  of  polymorphous  cells. 

Fig.  5.  Cortex  from  the  motor  area  of  the  doii's  brain. 

1.  A.  Layer  of  glia  cells  and  outer  layer  of  tangential  fibers. 

2.  B.  Outer  layer  of  polymorphous  cells. 

3.  C.  Layer  of  parapyknomorphous  pyramidal  cells. 

■i.     D.  Layer  of  large,  or  pyknomorphous   pyramidal  cells. 
5.    E.  Inner  layer  of  polymorphous  cells. 

Fig.  6.  Cortex  from  the  motor  area  of  the  brain  of  the  monkey.  (Anterior 
central  gyrus.) 

1.  A.  Layer  of  glia  cells  and  outer  layer  of  tangential  fibers. 

2.  B.  Outer  layer  of  polymorphous  cells. 

3.  C.  Layer  of  parapyknomorphous  pyramidal   cells. 

-}.     D.  Layer  of  large,  or  pyknomorphous  pyramidal  cells. 
5.    E.  Inner  layer  of  polymorphous  cells. 


280  Microscopic  Structure  of  Cortical  Areas 

Fig.  7.  Cortex  from  the  motor  area  of  the  hunuin  brain. 

/.     A.  Layer  of  grlia  cells  and  outer  layer   of  tangential  fibers. 

2.  B.  Outer  layer  of  polymorphous  cells. 

3.  C.  Layer  of  parapyknomorphous  pyramidal  cells. 

Ji-     n.  Layer  of  largre,  or  pyknomorphous  pyramidal  cells. 
5.     E.  Inner  layer  of  polymorphous  cells. 
Fig.  8.  Cortex  from  the  parietal  lobe  of  the  hvmnn  brain. 

1.  A.  leaver  of  glia  cells   and  outer  layer  of  tangential   fibers. 

2.  B.  Outer  layer  of  jiolymorphous  cells. 

3.  C.  Lajer  of  parapyknomorphous  pyramidal  cells. 

/}.     n.  Outer   layer  of  pyknomorphous   pyramidal   cells. 

5.  E.  Layer  of  granule  cells. 

6.  F.  Inner  layer  of  pyknomorphous  pyramidal  cells. 

7.  G.  Inner  lajer  of  polymorphous  cells. 
Fig.  9.  Cortex  from  the  parietal  lobe  of  the  monl-eii. 

1.  A.  Layer  of  glia  cells  and  outer  layer  of  tangential  fibers. 

2.  B.  Outer  layer  of  polymorphous  cells. 

3.  C.  Layer  of  parapyknomorphous  pyramidal  cells. 
.).  1>.  Outer  layer  of  pyknomorphous  pyramidal  cells. 

5.  E.  Layer  of  granule  cells. 

6.  F.  Inner  layer  of  pyknomorphous  pyramidal  cells. 

7.  G.  Inner  layer  of  polymorjjhous  cells. 

Fig.  10.  Cortex  from  the  parietal  lobe   of  the  dog's  brain. 

1.  A.  Layer  of  glia  cells  and  outer  layer  of  tangential  fibers. 

2.  B.  Outer  layer  of  polymorphous  cells. 

3.  C.  Layer  of  parapyknomorphous  pyramidal  cells. 

4.  D.  Outer  layer  of  pyknomorphous   pyramidal   cells. 

5.  E.  Layer  of  granule  cells.     (Layer  of  small  stellate  cells,  by 

Itanion   y   Cajal.) 
<?.     F.  Inner  layer  of  pyknomorphous  pyramidal  cells. 
7.     G.  Inner   layer  of  polymorphous  cells. 
Fig.  11.  Showing  the   transition   from   the   seven-layer   type   to   the   \isual 
area  or  eight-layer  type  in  the  monkt'i/. 

7.  T. — Seven-layer  t.vpe. 

8.  T. — Eight-layer  type,  or  vi.sual  region. 
The  seven-layer  type  is  as  in  Fig.  9. 

Eight-Layer  Tmie. 

1.  A.  Layer  of  glia   cells  and  outer  layer  of  tangential  fibers. 

2.  B.  Outer  laj-er  of  polymorphous  cells. 

3.  C.  I^ayer  of  parapyknomoriihous  iiyramidal  cells. 

i.     D.  Layer   of   granule   cells,    with    fusiform    or   irregular   cells 
scattered  here  and  there. 

5.  E.  Inner     layer     of     tangential     fibers.     (External     stripe     of 

Baillarger.) 

6.  F.  Lajer  of  granule  cells. 

7.  G.  Inner     layer     of     tangential      fibers.      (Inner     stripe      of 

Baillarger.) 

8.  H.  Inner  layer  of  polymorphous  cells. 
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Fig.  12.  Showing-   the   transition    from    tlie   seven-layer   t3"pe    to   the   visual 
area,  or  eight-layer  type  iu  iitaii. 

7.  T. — Seven-laj'er  type. 

8.  T. — Ei<rht-layer  type,  or  vi.snal  region. 

The  layers   are  the   same  as  in   the   monkey.     Here   one   can   see 
the  solitary  cells  in  the  inner  stripe  of  Baillarger. 
Fig.  13.  Frontal   section    through    the    lateral   geniculate   body    of   the   dog, 

simple  and  slightly  differentiated.     The  same  in  the  cat. 
Fig.  14.  Frontal  section  through  the  lateral  geniculate  bo<ly  of  the  iiwnkti/, 
very  much  more  differentiated  than  that  of  Fig.  14.     The  lateral 
geniculate   body    in    man    has    the    same    appearance    as    in    the 
monkey. 

DESCKIPTION    OF    PLATE    IV. 

Horizontal  section  through  the  hemisphere  of  the  brain  of  the  monkey, 
(Macacus  cynomolgus). 

C.  F.,  Central  Sulcus  (Fissure  of  Rolando). 

I.  P.  F.,  Interparietal   Sulcus. 

P.  O.  F.,  Parieto-occipital  fissure. 

C,  Calcarine  fissure. 

In  front  of  the  central  sulcus,  is  the  motor  area;  behind  the  central 
sulcus,  up  to  the  parieto-occipital  fissure,  is  the  region  of  the  seven-layer 
type;  behind  the  parieto-occipital  fissure  is  the  region  of  the  eight-layer 
type,  or  visual  cortex. 
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REPORT   OF   A   CASE   OF   IDIOPATHIC   MULTIPLE   SAR- 
COMA  OF   THE   SKIN. 

By  Henry  H.  Koehler^  M.D., 

Professor  of  Skin,  Genito-Urinary  and  Venereal  Diseases,   Kentucky  University 

Medical  Department,  Louisville,  Ky. 

With  a  Report  on  the  Histopathology, 

By  Jas.  C.  Johnston,  A.B.,  M.D., 

CASES  of  multiple  cutaneous  sarcomata  are  relatively  rare  but 
in  spite  of  their  infrequency  quite  a  number  of  clinically 
different  varieties  have  been  described.  Histologically,  how- 
ever, they  show  no  such  great  diversity  and  they  may  be  divided  into 
spindle  celled   (fusocellular)   and  round  celled   (globocellular). 

I'nna  also  described  a  giant  cell  sarcoma. 

Kaposi  classes  under  sarcoid  tumors  of  the  skin  several  apparently 
distinct  disease  entities  prominent  among  which  is  his  idiopathic  mul- 
tiple pigment  sarcoma.  He  also  describes  under  type  C,  in  his  text 
b(Jok,  another  variety,  referring  to  it  as  simply  Sarcomatosis  Cutis, 
which  differs  from  the  foregoing  in  many  respects.  The  case  I  here 
present  exhibits  clinically,  characteristics  of  both  types.  The  histologi- 
cal examination,  kindly  made  by  Dr.  James  C.  Johnston,  shows  a 
greater  resemblance  to  the  multiple  idiopathic  pigment  sarcoma  than 
to  the  other  as  will  be  seen  by  his  report.  There  is  an  absence  though 
of  pigment  which  in  the  hemorrhagic  variety  would  naturally  be  a 
feature.  The  patient,  however,  is  of  a  very  fair  type,  with  light  blue 
eyes,  reddish  hair,  and  a  very  white  skin,  and  it  may  be  that  a  general 
lack  of  pigment  formation  is  in  a  measure  resjionsible  for  the  lighter 
color  of  the  tumors. 

Unna  in  his  "Histopathology  of  the  Skin"  makes  the  following 
divisions    of    skin    sarcomata.      He    would    first    place    the    so-called 
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melanotic  sarcomata  among  the  carcinomata,  claiming  that  he  has 
found  abundant  microscopical  evidence  to  justify  his  doing  so.  The 
true  sarcomata  he  divides  into  two  great  groups,  the  solitary,  and  the 
multiple.     Of  the  multiple  he  gives  the  following  five  varieties: 

1.  Sarcoma  Multiplex  Cutaneum  durum  album. 

2.  Sarcoma   Multiplex    Cutaneum    durum   pigmentosum. — Piffard. 

3.  Sarcoma  Multiplex  Cutaneum  Molle. — Neumann. 

4.  Sarcoma  Multiplex  Cutaneum  gummatodes. — Funk,  Hyde. 

5.  Acrosarcoma  Multiple.x  Cutaneum  teleangiectodes. — Hebra, 
Kaposi. 

The  case  here  under  consideration  resembles  the  description  of  the 
first  variety  closely  even  to  the  absence  of  pigment.  Unna  regards  the 
fusocellular  variety  of  sarcoma  as  the  main  type  of  the  cutis  proper 
since  the  spindle  cells  "repeat  the  normal  t^'pe  of  the  connective  tissue 
of  the  skin  of  adults."  A  characteristic  of  the  spindle  cell  variety,  as 
is  shown  in  this  case,  is  the  absence  of  an  ulcerative  tendency.  LHcera- 
tion  is  much  more  marked  in  the  round  cell  variety  (Type  3  Unna). 

Clinical  Report:  Patient  is  a  Hebrew,  bom  in  Russia,  and  was 
referred  to  me  by  Dr.  Leon  L.  Solomon.  He  has  a  good  constitution 
and  has  always  enjoyed  good  health.  He  is  fairly  intelligent  and 
denies  ever  having  had  a  specific  infection.  He  has  been  in  this  country 
about  eight  years  uninterruptedly  and  the  disease  which  he  is  now 
suffering  from  developed  in  1899.  The  attack  came  on  immediately 
after  a  severe  exposure.  The  patient  made  a  trip  to  Cincinnati  on  a 
boat  sleeping  in  a  very  warm  room.  In  Cincinnati  he  slept  in  a  very 
cold  room  and  on  coming  home  shortly  afterward  he  noticed  the  tumors 
for  the  first  time.  The  eruption  commenced  first  on  the  extremities, 
later  on  extended  to  the  trunk  and  face.  Dr.  Solomon  tells  me  that  at 
times  several  nodules  had  ulcerated,  although  the  tendency  to  this 
seems  to  be  very  slight.  He  complains  of  muscular  pains  very  much 
like  those  of  muscular  rheumatism.  The  nodules  themselves  are  pain- 
less and  devoid  of  any  subjective  sensation.  The  extirpation  of  one 
caused  profuse  bleeding  but  little  pain.  In  the  fall  of  1900  he  had  an 
acute  febrile  attack  after  which  he  had  attacks  of  dizziness  with  loss 
of  appetite  and  pains  in  knees  and  legs.  In  May,  1901,  he  again  had 
similar  pains  in  lower  legs  and  knees.  The  patient  is  a  pronounced 
blonde  and  has  hitherto  been  entirely  free  from  any  eruption  of  any 
kind,  a  point  upon  which  he  dwells.  Patient  perspires  very  freely  and 
claims  that  he  feels  himself  weakened  thereby.  His  children  are 
healthy.     He  is  about  fifty  years  of  age. 

Present  state:  Health  fairly  good.  No  marked  deterioration  from 
former  standard.     Patient  at  times  has  fever.    As  shown  in  the  photo- 
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Sfraphs  the  eruption  is  quite  generally  distributed  and  symmetrical. 
The  color  of  the  tinnors  is  a  reddish  brown  somewhat  like  that  of  a 
keloid.     .\  slight   i)iir])lisli  tinge  is  noticed  in  those  on  the  lower  ex- 
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tremities.  They  are  vascular,  firm  to  the  touch,  elastic  with  no  pain 
on  pressure.  The  extensor  surfaces  are  more  involved  than  the  flexor 
surfaces.  On  the  forehead  the  nodules  have  fused  together  and  give 
him  a  leonine  expression.    The  eyelids  are  much  infiltrated.    On  the 
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top  of  the  larger  tumors  there  is  a  distinct  condition  of  telangiectasis. 
No  ulceration  anywhere  at  present.  Palms  and  soles  are  spared.  No 
lymphatic  enlargement  anywhere.  He  exhibits  no  clinical  symptoms 
that  point  to  leukemia  or  pseudo-leukemia.  Since  the  advent  of  warm 
weather  slight  hemorrhages  have  taken  place  in  several  of  the  tumors. 
Dr.  Solomon  in  referring  this  case  stated  that  he  had  at  one  time 
given  this  patient  strontium  arsenite,  by  mouth,  with  some  temporary 
benefit.  He  is  at  present  receiving  injections  of  sodium  arseniate  ac- 
cording to  the  method  of  Kaposi.     In  giving  them  I  notice  a  general 

Fig.  2. 


hardness  of  the  skin,  as  shown  by  marked  resistance  to  the  entrance 
of  the  hypodermic  needle.  This  treatment  has  been  .ised  for  about  a 
month  (0.02  gramme  every  other  day)  without  appreciable  affect  on 
these  tumors. 

Dec.  7. — The  patient  took  the  arsenic  injections  for  about  two 
months.  Finding  no  improvement  in  that  length  of  time  he  absented 
himself.  During  the  last  few  months  he  has  been  without  treatment 
and  it  is  quite  apparent  that  his  disease  has  progressed.  The  infiltra- 
tion on  the  forehead  has  thickened,  and  innumerable  small  nodules 
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stud  his  liodv  between  tlie  larger  ones.  The  color  has  also  deepened 
and  the  tumors  look  congested.  His  health  is  fairly  good,  he  has  lost 
no  flesh  and  has  been  able  to  follow  his  trade  of  shoemaker.  L.ymph- 
nodes  nowhere  show  any  involvement.  Urine  normal;  no  casts  or 
albumin.  He  wishes  to  return  to  the  arsenic  treatment  as  he  believes 
it  at  least  kept  the  disease  in  check.  There  is  not  the  slightest  tendency 
to  ulceration  or  breaking  down  of  tumor  tissue. 

Htstopathology. — The  growth  which  Dr.  Koehler  sent  me  measured 
about  three-eighths  of  an  inch  in  diameter  by  one-eignth  in  thickness, 
but  it  is  apparent 'from  the  sections  that  not  all  of  ts  mass  was  in- 
cluded, either  peripherally  or  below.  There  is  a  surface  erosion  at 
the  center.  There  can  be  no  reasonable  doubt  that  the  histological 
features  are  the  same  in  all  the  tumors,  although  I  can  not  however 
make  a  definite  statement  on  the  point  since  I  have  had  only  the  one 
for  examination.  The  microscopical  picture  is  a  new  one  in  ni\- 
experience. 

The  process  evidently  begins  as  most  skin  sarcomas  do  in  the  lower 
reticular  layer  and  upper  hypoderm.  It  never  invades  the  papillary 
body  and  seems  limited  by  the  lower  level  of  the  coil  glands  beneath. 
The  upper  border  is  flattened  and  sharply  defined  (as  in  fact  the 
periphery  is  everywhere)  by  dense  collagenous  bands  running  parallel 
with  the  periphery.  The  condensation  with  the  disappearance  of  the 
papillse  and  interpapillary  projections  is  the  result  of  pressure  from  the 
subjacent  tumor.  The  under  and  lateral  borders  show  lobulated  out- 
growths into  the  surrounding  skin.  Tn  other  words,  the  method  of 
progression  is  by  a  gradual  pushing  aside  of  the  connective  tissue  as 
in  epithelial  neoplasms,  rather  than  the  conversion  into  new  growth 
which  is  the  way  with  sarcomas  even  when  an  attempt  is  made  at 
encapsulation.  Other  striking  general  features  are  the  absence  of 
reactive  inflammation  of  vessel  dilatation,  and  of  pigment  of  any  sort. 

In  the  peripheral,  presumably  newer,  portions  there  is  a  close  pack- 
ing of  spindle  cells  whose  protoplasm  stains  lightlv  with  basic  dyes 
and  whose  outlines  are  indistinct.  Their  nuclei  stain  deeply  and  dif- 
fusely like  those  of  young  fibroblasts,  but,  unlike  them,  are  not  uniform 
in  size  or  shape.  The  latter  is  greatly  varied ;  some  show  thickenings 
like  nodes,  others  are  filamentous,  some  are  shaped  like  spermatozoa 
and  others  still  are  bent  at  right  angles  on  themselves.  Between  them, 
the  delicate  reticulum  of  sarcoma  is  easily  brought  out  by  a  fresh  picric- 
acid-fuchsin  stain.  These  nuclear  distortions  can  be  due  to  but  one 
thing,  outside  pressure.  The  reason  for  the  pressure  is  found  in  a 
totally  diflFerent  type  of  cell  lying  between  the  spindles,  even  where 
thev  are  most  numerous. 
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At  the  growing  edge,  they  are  overshadowed  by  the  mass  of  spin- 
dles, but  in  the  central  portion,  the  relative  numbers  are  reversed  and 
the  spindle  cells  almost  disappear.  The  second  variety  is  ovoid  or 
polyhedral,  with  a  protoplasm  refractory  to  most  stains  (picric  acid 
colors  it  readily)  and  oval  vesicular  nuclei  with  one  or  two  nucleoli. 
They  lie  in  nests  surrounded  by  a  delicate  membrane  which  does  not 
stain  with  fuchsin  and  is  not  the  sarcoma  reticulum.     With  the  snindlc 


Fig.  3.     Periphery  of  growth  showing  contorted  spindles  and  disappearance 
of  papillrc  and  interpapillary  projections. 


cells,  the  reticulum  disappears.  A  lumen  may  be  seen  in  the  center 
of  a  very  few  of  the  nests  or  whorls  which  sometimes  contains  blood. 
In  certain  sections,  there  appeared  a  giant  cell  formation  with  num- 
bers of  small  round  nuclei,  but  as  it  often  showed  both  a  central  lumen 
and  a  clearly  defined,  limiting  membrane,  I  judged  it  the  remains  of 
coil  glands  caught  in  the  growth  as  remnants  of  collagenous  material 
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are  ensnared  here  and  there.  Mitosis  is  excessively  rare;  cell  division 
is  direct  throughout. 

The  origin  of  this  second  type  of  cell  is  not  hard  to  determine. 
From  its  morphology  and  arrangement,  it  can  arise  only  from  prolifer- 
ative activity  in  endothelium,  from  lymphatics  and  blood  capillaries, 
whether  preexistent  or  newly  formed  it  is  impossible  to  decide.  The 
whole  tumor  shows  very  few  patent  vessels  of  any  sort  but  in  spite 
of  this,  there  is  no  necrosis.  Even  the  englobed  tissue  remnants  are 
in  a  perfect  state  of  preservation. 

It  is  a  well   recognized   fact  that  in   sarcoma,  particularly  of  the 
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Fig.  4.  High  power  view  of  an  older  portion  stained  with  picro-fuchsin  to 
show  intercelhilar  reticulum.  Spindles  have  largely  disappeared  before  endothe- 
lial new  growth. 

skin,  tiiere  is  in  certain  instances  a  tendency  to  endothelial  prolifera- 
tion as  in  Kaposi's  idiopathic,  pigmented  sarcoma  and  the  case  which 
I  described  in  a  recent  article  on  this  subject.  (Journ.-\l,  July,  1901.) 
There  is  no  reason  to  suppose  that  in  a  given  instance  every  capillary 
may  not  show  this  proliferation  with  whorl  formation,  in  the  course 
of  time,  blotting  out  almost  completely  the  growth  with  which  it  first 
appeared.  If  this  supposition  is  correct,  the  tumor  should  be  classed 
with  .sarcomas,  although  I  regard  endothelioma  as  much  more  nearly 
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allied  to  epithelial  than  to  connective  tissue  new  growths  both  from 
histogenetic  and  morphological  standpoints.  Among  the  sarcomas, 
it  is  clear  that  its  place  is  with  the  Sarcoids  for  these  reasons;  there 
is  an  absence  of  the  appearance  of  malignancy,  such  as  infiltration  of 
the  surrounding  skin,  of  evidence  of  rapid  cell  division,  of  any  strik- 
ing departure  from  adult  cell  types,  fibroblastic  or  endothelial  (the 
types  are  found  in  pure  processes  of  productive  inflammation),  and 
finally,  of  the  absence  of  metastases,  in  lymph  nodes  or  viscera.  All 
these  peculiarities  are  characteristic  of  the  class  of  cutaneous  sarcomas 
which  I  think  we  are  obliged  to  make  and  for  which  Sarcoid  will  serve 
as  well  as  another  name.  The  sarcoids  have  a  cachexia,  however,  of 
their  own  in  spite  of  failure  to  metastasize.  The  tumor  in  question  is 
most  closely  allied  to  Kaposi's  multiple,  pigmented  sarcoma  which 
should  be  called  hemorrhagic.  Hemorrhage  is  of  course  only  an  ac- 
cident, though  due  to  peculiarities  of  structure.  It  is  not  present  in 
our  case  because  the  vessels  are  not  only  fully  formed  but  occluded. 
The  reason  for  the  failure  to  respond  to  the  use  of  arsenic  is  found 
in  the  predominance  of  the  endotheliomatous  element.  Such  tumors 
do  not  yield  to  the  drug,  the  fact  of  its  inefficacy  furnishing  basis  for 
a  grave  prognosis.  As  in  other  endotheliomas,  moreover,  it  is  always 
possible  to  develop  metastasis  under  irritation  or  without  any  appear- 
ance of  it. 

In  conclusion,  the  tumor  is  a  small,  spindle-celled  sarcoma  with 
which  occurs  such  endothelial  proliferation  as  to  strangle  the  sarcoma 
element  in  the  older  portion.  It  is  free  of  pigment,  hemorrhagic  or 
metabolic,  and  belongs  to  the  class  of  Sarcoids,  constituting  a  new 
type  but  nearly  allied  to  multiple,  hemorrhagic  sarcoma.  Dr.  Koehler 
is  within  his  rights  in  classing  it  clinically  with  the  Unna  group  he  has 
selected. 

My  thanks  are  due  Dr.  B.  H.  Buxton  for  the  accompanying  micro- 
photographs  which  admirably  illustrate  the  histological  features  I  have 
attempted  to  describe. 
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A  CASE  OF  BANTFS   DISEASE,  WITH  DIFFUSE   PRODUCTIVE 
NEPHRITIS. 

By  Cyrus  W.  Field,  M.D., 

OF   NEW    YORK. 

(From  the  Department  of  Pathology,  Cornell  University  Medical  College.) 


It  is  the  purpose  of  this  paper  to  discuss  a  peculiar  and  interesting 
pathological  coudition,  exemplified  in  a  case  of  advanced  productive 
inflammation  of  the  liver,  spleen,  and  kidneys. 

At  the  outset  we  are  confronted  by  the  difficulty  of  assigning  it  to 
its  proper  position  with  complete  certainty.  There  are  four  patho- 
logical conditions  closely  resembling  each  other,  to  three  of  which  this 
case  presents  considerable  similarity. 

1.  The  condition  which  is  known  to  the  Italian  authors  as  "  Banti's 
cirrhosis"  or  "  Banti's  disease." 

2.  Cirrhosis  of  the  liver,  with  secondary  enlargement  of  the  spleen. 
In  a  number  of  such  cases  there  is  also  an  antemia  of  a  secondary 
character. 

3.  Splenic  antemia,  in  which  we  have  a  marked  enlargement  of  the 
spleen  and  a  pronounced  secondary  anremia. 

4.  Primary  splenomegaly  of  Jio\'a\r(\  (epitheliome primitive,  Gaucher) 
These  conditions  will  be  described  with  more  detail  in  another  por- 
tion of  this  paper. 

L.   M.,  housewife,  aged  thirty-two  years. 

Family  History.  Negative.  Personal  History.  jMeasles  and  scarlet 
fever  when  a  child.  She  has  had  one  child,  who  died  at  the  age  of 
twelve  months.  No  miscarriages.  Three  years  ago  she  had  gastro- 
intestinal disturbances,  and  was  told  that  she  had  a  gastric  ulcer.  She 
remained  in  bed  at  that  time  for  eight  mouths,  and  was  given  mor- 
phine to  dull  the  pain.  She  has  continued  to  take  the  morphine  since 
that  time.  One  year  ago  cedema  of  the  lower  limbs  developed,  and 
has  persisted.  She  has  used  alcohol,  but  at  meals  only.  No  history  or 
signs  of  syphilis. 

Physical  Examination.  Her  general  condition  is  poor.  There  is 
marked  pallor  of  the  skin  and  puffiness  under  the  eyes.  The  mucous 
membranes  are  red,  and  the  tongue  is  large,  moist,  "and  clean.  There 
is  marked  pulsation  of  the  vessels  of  the  neck.  There  is  slight  enlarge- 
ment of  the  supraclavicular  nodes,  but  no  enlargement  of  any  other 
nodes. 

Heart.  The  apex  beat  is  felt  in  the  fourth  interspace,  three  and 
one-half  inches  from  the  median  line,  the  heart  being  displaced  upward. 
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There  is  a  systolic  murmur  heard  at  the  apex  and  transmitted  upward  ; 
a  systolic  murmur  heard  at  the  second  left  interspace  and  transmitted 
up  to  the  clavicle;  also  a  systolic  nmrmur  heard  over  the  vessels  of 
the  neck,  of  a  different  character  from  the  above  two. 

Lungs.  At  the  base  of  both  lungs  there  is  flatness  and  absence  of 
vocal  fremitus.  The  liver  percusses  one  inch  below  the  free  border  of 
the  ribs. 

Spleen.  Nearly  filling  the  left  half  of  the  abdomen  there  is  a  mass 
with  a  smooth  .surface,  which  is  tender  to  palpation.  The  anterior 
edge  of  this  mass  can  be  traced  from  a  point  two  and  one-half  inches 
from  the  median  line  at  the  costal  margin,  downward,  passing  three- 
quarters  of  an  inch  to  the  left  of  the  umbilicus,  reaching  the  median 
line  at  the  level  of  interspinous  line  of  the  ilia,  and  extending  two  and 
one-half  inches  below  this  line.  There  is  a  notch  in  this  mass  at  a 
point  two  inches  above  and  to  the  left  of  the  umbilicus.  The  abdomen 
is  distended  with  fluid.  There  is  marked  (edema  of  the  abdominal 
walls,  especially  on  the  left  side  and  of  the  extremities. 

Blood  Examination,  by  Dr.  J.  W.  Coe.  Red  blood  corpuscles, 
2,908,000 ;  hremoglobin,  45  per  cent. ;  leucocytes,  3300.  Stained 
specimens  show  nothing  abnormal. 

The  urine  is  j'ellow,  turbid,  of  specific  gravity  1015,  and  acid  reac- 
tion. There  is  a  trace  of  allwimin,  but  no  glucose  or  bile  pigment.  The 
sediment  is  composed  of  sodium  urates  and  red  blood  cells. 

The  temperature  ranged  between  99°  and  100°  F.,  rising  just  before 
death  to  105°  F. 

Autopsy,  by  Dr.  A.  E.  Thayer.  There  is  no  rigor.  The  diaphragm 
on  the  right  side  is  at  the  level  of  the  fourth  rib ;  on  the  left  side,  at 
the  fourth  space.  Pleurae,  old  adhesions  at  both  apices.  In  each 
pleural  cavity  there  are  about  150  c.e.  of  clear  serum.  The  bronchi 
contain  much  pus. 

Pericardium.  Contains  about  100  c.c.  of  clear  serum.  The  mitral 
valve  is  thickened,  0[)a<jue,  and  slightly  retracted.  The  chorda'  ten- 
dinse  are  thickened  and  short.  The  left  auricle  is  dilated  and  hyper- 
trophied.  The  large  veins  of  the  thorax  are  much  dilated,  and  all 
the  blood  is  fluid. 

Peritoneum.  There  are  firm  adhesions  between  the  omentum  an<l 
the  pelvic  contents  on  the  right  side. 

Spleen..  Weighs  1470  grammes ;  is  firm  and  dark.  On  section, 
shows  a  marked  increase  of  connective  tissue  throughout  the  whole 
organ.  The  capsule  is  thickened,  the  splenic  vein  is  much  dilated. 
Firm  adhesions  prevent  any  movement  of  the  organ. 

Pancreas.     Appears  normal. 

Liver.  Weighs  3288  grammes ;  is  firm  and  pale.  The  capsule  is 
thickened  and  smooth.  On  section,  tliis  organ  shows  a  great  increase 
of  diffuse  connective  tissue. 

Kidneys.  The  combined  weight  is  622  grammes.  They  are  large, 
firm,  and  pale.  The  cortex  is  swollen  and  aufemic,  the  markings 
irregular.  The  pyramids  are  congested ;  there  are  many  punctate 
hemorrhages  on  the  surface.     The  ureters  and  adrenals  are  normal. 

Stomach.  Appears  to  be  normal.  There  are  no  scars  to  be  found. 
The  common  bile-duct  is  pervious. 

Intestines.  Peyer's  patches  are  swollen  and  congested,  otherwise 
normal.     The  lymph  nodes  of  the  mesentery  are  swollen. 
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Grons  Anatomical  Diaffiiogis.  Purulent  hroiU'hitis  ;  splenic  enlarge- 
ment;  cirrhosis  of  the  liver  ;  nephritis. 

Microscopic  Examiiiaiion.  Kidneijs.  Both  kidne3's  show  the  lesions 
of  chronic  interstitial  nephritis.  The  glomeruli  appear  to  be  normal 
in  all  respects.  In  some  places  the  tubules  are  compressed  by  a  diffuse 
growth  of  new  connective  tissue,  and  in  these  portions  the  lining 
epithelium  is  degenerated.  In  the  lower  portions  of  the  tubules  their 
luraiua  are  seen  to  be  Klled  with  a  granular  deposit.  The  bloodvessels 
in  this  organ  show  only  slight  changes.  On  staining  sections  with 
Weigert's  elastic  tissue  stain  it  is  found  that  a  large  proportion  of  the 
new  connective  tissue  is  composed  of  elastic  fibres. 


Liver  showing  difluse  growth  of  new  eouiiective  tissue. 

Sections  from  tliffereat  parts  of  the  liver  show  a  pretty  evenly  dis- 
tributed growth  of  new  connective  tissue  throughout  the  organ,  not 
only  in  the  interlobular  spaces,  but  also  penetrating  the  lobules  and 
even  separating  the  individual  liver  cells.  There  is  no  proliferation 
or  new  formation  of  bile  ducts,  such  as  is  commonly  seen  in  cirrhosis, 
but  the  new  connective  tissue  is  abundantly  infiltrated  with  small 
round  cells,  and  in  places  shows  a  slight  deposit  of  brownish  pigment. 
Sections  stained  by  Weigert's  method  show  that  elastic  tissue  fibres 
are  present  only  in  their  normal  situations  and  in  normal  amount. 
The  liver  cells  are  in  an  advanced  stage  of  fatty  degeneration.  Their 
nuclei  stain  faintly,  and  their  protoplasm  has  an  increased  affinity 
for  eosin. 
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Sections  of  the  spleen  show  the  same  changes  throughout  the  organ. 
There  is  a  very  great  increase  of  the  connective  tissue,  and  in  a  number 
of  sectious  it  is  seen  that  this  incrcjise  is  due  to  a  proliferation  of  the 
normal  reticulum  of  the  splenic  pulp.  By  the  use  of  Weigert's  elastic 
tissue  stain  it  is  found  that  a  great  proportion  of  the  connective  tissue 
is  made  up  of  elastic  fii)res.  The  ^lalpighian  bodies  for  the  most  part 
show  a  very  advanced  sclerosis.  In  fact,  some  of  them  are  represented 
by  nothing  but  a  mass  of  connective  tissue.  Here  and  there  through- 
out the  new  connective  tissue  there  is  an  infiltration  with  small  round 
cells.  In  some  of  the  pulp  spaces  the  lining  cells  seem  to  have  under- 
gone a  slight  proliferation,  some  of  them  lying  free  in  the  pulp  spaces. 


Sclerosis  of  a  Malpighiaa  body.    SUiined  same  as  liver. 

We  sum  up  the  pathological  findings  in  this  case  as  follows:  1.  A 
marked  secondary  au;emia.  2.  An  enlarged  spleen,  weighing  1470 
grammes,  its  microscopic  examination  revealing  a  very  marked  general 
hyperplastic  interstitial  splenitis.  3.  A  diffuse  hypertrophic  cirrhosis 
of  the  liver  of  cnmparatively  recent  origin.  4.  A  general  productive 
interstitial  nephritis. 

1.  Of  the  four  conditions  to  which  the  present  case  bears  similarity 
the  most  noteworthy  is  Banti's  cirrhosis.  Banti's  disease  is  charac- 
terized by  changes  in  three  organs:  (1)  A  gradual  enlargement  of  the 
spleen  ;  (2)  an  anajmia  of  the  secondary  type,  which  becomes  progres- 
sively worse ;  (3)  the  later  development  of  a  cirrhotic  process  in  the 
liver.     The  description  which  follows  is  based  on  Banti's  three  papers. 
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The  Clinical  Picture.  Banti  divides  the  course  of  the  disease  into 
three  stages.  The  first  he  terms  the  pre-ascitic  stage,  which  dates  from 
the  discovery  of  the  first  signs  of  enlargement  of  the  spleen.  This 
enlargement  of  the  spleen  may  be  the  only  abnormality  present  for  a 
long  time,  but  sooner  or  later  the  blood  begins  to  be  affected,  and 
aniemia  develops.  The  red  blood  cells  are  seldom  under  3,000,000. 
The  huemoglobin  index  is  slightly  below  normal.  There  are  no  changes 
in  the  leucocytes.  No  nucleated  red  blood  cells  are  ever  found.  This 
stage  mav  last  for  years,  the  gravity  of  the  anremia  and  the  general 
condition  of  the  patient  varying. 

The  second  or  intermediate  stage  is  marked  by  the  appearance  of 
gastro-intestinal  disturbances.  The  auiemia  becomes  more  severe,  and 
the  quantity  of  the  urine,  which  until  now  has  been  normal,  dimin- 
ishes, and  the  excretion  of  urates  is  increased.  This  stage  may  last 
from  a  few  months  to  a  year. 

The  comraenceraent  of  the  terminal  or  "ascitic  stage"  is  marked 
by  the  appearance  of  ascites.  The  fluid  when  removed  and  examined 
is  found  to  be  a  transudate.  After  tapping  it  reaccumulates  very 
rapidly.  The  excretion  of  the  urine  is  markedly  lessened.  Its  specific 
gravity  rises  to  1030  to  1040,  and  it  is  very  rich  in  urates,  and  in  some 
cases  bile  pigment  may  be  present.  The  patient  dies  in  the  course  of 
a  fevv  mouths  of  general  exhaustion,  unless  of  an  intercurrent  disease. 

The  Pathological  Changes.  The  Spleen.  This  organ  is  found  uni- 
formly enlarged.  The  average  weight  in  ten  cases  was  found  to  be 
1563  grammes,  though  the  range  in  these  ten  cases  was  very  wide,  as 
is  seen  by  the  following  table  : 

In  two  cases  the  spleen  weighed 3000  gms. 

In  two  cases  the  spleen  weighed 1500-2000  gms. 

In  three  cases  the  spleen  weighed 1000-1500  gms. 

In  three  cases  the  spleen  weighed 623-1000  gms. 

Six  hundred  and  twenty-three  grammes  was  the  lowest  recorded 
weight. 

The  picture  under  the  microscope  is  the  same  as  that  observed  in  the 
present  case,  except  in  two  of  Banti's  cases,  in  which  we  find,  besides  a 
great  increase  in  the  connective  tissue  of  the  organ,  a  very  marked 
proliferation  of  the  endothelial  cells  lining  the  pulp  spaces,  and  the 
published  drawings  seem  to  be  like  those  recently  published  by  Bovaird 
in  his  paper  entitled  "  Primary  Splenomegaly." 

The  increase  in  the  connective  tissue  throughout  the  whole  organ 
was  the  only  pathological  change  noted  in  the  other  cases.  The  iMal- 
pighiau  bodies  were  involved  in  this  sclerotic  process  to- a  very  great 
extent. 

In  some  cases  they  were  very  markedly  atrophied,  and  no  other 
cellular  elements  were  present  except  the  connective  tissue. 
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The  Liver.  The  lesion  in  the  liver  was,  in  the  majority  of  the  cases, 
an  atrophic  cirrhosis,  though  in  a  number  it  was  of  hypertrophic  type. 
In  most  of  the  ca.s&s  the  connective  tissue  was  infiltrated  with  small 
round  cells. 

The  Kidiieyi.  In  only  two  cases  was  the  condition  of  the  kidneys 
mentioned,  except  in  a  moat  superficial  way.  In  the  two  eases  in 
which  a  definite  statement  was  made  it  was  only  said  that  a  nephritis 
was  present,  and  so  I  am  unable  to  state  the  exact  type  of  nephritis 
that  occurred  in  these  two  cases.  Judging  from  the  clinical  histories 
of  the  other  cases  it  would  seem  that  there  must  have  been  a  nephritis 
present  in  a  number  of  them. 

The  bone-marrow  was  normal  in  all  except  three  cases,  and  in  these 
it  was  stated  that  it  had  reverted  to  the  fcetal  type. 

To  sura  up  the  pathological  conditions  pre.sent  in  this  so-called 
"  Banti's  cirrhosis,"   we  have  :    1.  An   anaemia  of  a  secondary  type. 

2.  A  very  great  enlargement  of  the  spleen,  due  to  a  hypertrophy  of 
all  the  cellular  elements,  but  more  especially  of  the  connective  tissue. 

3.  A  cirrhosis  of  the  liver,  but  not  of  a  constant  type.     4.  An  inflam- 
mation of  the  kidneys  in  a  number  of  the  reported  cases. 

2.  Cirrhosis  of  the  Liver,  with  Secondary  Enlargement  of  the  Spleen. 
The  second  group  of  cases  comes  under  this  head.  We  often  see,  in 
long-standing  cases  of  cirrhosis  of  the  liver,  a  more  or  le?s  enlarged 
spleen  and  also  very  often  a  marked  secondary  an%mia.  Now,  in 
regard  to  the  enlargement  of  the  spleen  secondary  to  cirrhosis  of  the 
liver  I  have  searched  the  literature  to  find  some  definite  figures  as  to 
the  size  it  may  reach,  but  have  been  unable  to  find  any.  It  would 
seem,  though,  from  the  autopsy  records  to  which  I  have  had  access, 
and  from  statements  of  experienced  pathologists,  that  the  spleen  in  this 
condition  never  reaches  the  size  and  weight  of  that  organ  as  found  in 
"  Banti's  disease,"  splenic  antemia,  or  primary  splenomegaly. 

3.  Splenic  Anmmia.  The  only  point  of  dissimilarity  between  this 
condition  and  "Banti's  disease"  is  that  in  the  former  the  liver  is 
normal,  while  in  the  latter  that  organ  is  found  to  be  cirrhotic. 

4.  Primary  Splenomegaly.  This  term  should  be  reserved  for  those 
cases  which  present  a  splenic  lesion  similar  to  that  described  by 
Bovaird.'^  In  his  case  the  splenic  enlargement  was  due  to  a  very 
great  proliferation  of  the  endothelial  cells  lining  the  pulp  spaces,  and 
the  increase  in  the  connective  tissue  elements  was  but  nominal.  The 
clinical  picture  as  appearing  in  his  description  is  very  like  that  of  the 
other  conditions. 

Differential  Diagno.-'i.t.  We  may  differentiate  between  cirrhosis  of 
the  liver  with  secondary  enlargement  of  the  spleen  and  the  three  other 
conditions— namely,  "  Banti's  disease,"  splenic  antemia.  and  primary 
splenomegal)' — by  the  following  facts:    1.  The  spleen    in   cirrhosis  of 
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the  liver  never  attains  the  size  that  it  does  in  the  three  other  conditions. 
2.  The  aniBmia  in  cirrhosis  is  apt  to  be  less  severe  than  iu  the  other 
conditions,  o.  In  cirrhosis  the  splenic  enlargement  is  secondary,  while 
iu  the  other  conditions  it  is  the  primary  lesion. 

This  last  point  is  of  very  slight  diagnostic  value,  as  the  vast  majority 
of  the  cases  is  not  seen  until  too  late  a  stage  of  the  disease,  and,  as 
Osier'*  has  pointed  out,  we  cannot  be  sure  of  the  presence  or  absence 
during  life  of  a  cirrhotic  process  in  the  liver. 

The  diagnosis  between  splenic  anx'mia  and  primary  splenomegaly 
can  only  be  made  by  microscopic  examination  of  the  spleen,  as  there 
is  no  difference  in  the  conditions  exce))!  that  iu  splenic  auremia  the 
increase  iu  size  of  the  organ  is  due  to  a  general  hyperplasia  of  all  the 
ceUular  elements,  but  more  especially  of  the  connective  tissue  ;  whereas 
in  primary  splenomegaly  the  increase  is  due  to  a  very  great  prolifera- 
tion of  the  endothelial  cells  lining  the  pulp  spaces,  with  only  a  moderate 
increase  in  the  connective  tissue. 

The  only  point  of  difference  between  "  Banti's  disease  "  and  splenic 
ana;mia  is  that  iu  the  latter  there  is  no  cirrhosis  of  the  liver  ;  there- 
fore we  may  say  that  "  Banti's  disease  "  is  splenic  ansemia  plus  a  cir- 
rhosis of  the  liver. 

Conclusions.  1.  There  are  four  conditions,  more  or  less  closely 
related,  which  may  be  distinguished  as  follows  :  Enlargement  of  the 
spleen  with  an;emia  and  the  later  development  of  a  cirrhotic  process 
iu  the  liver  may  be  separated  from  cirrhosis  of  the  liver,  with  secondary 
enlargement  of  the  spleen,  by  the  fact  that  in  the  latter  condition  the 
spleen  never  attains  the  size  that  it  does  in  the  former.  Both  these 
conditions  may  be  separated  from  splenic  anoemia  and  primary  spleno- 
megaly by  the  presence  of  the  cirrhosis  of  the  liver,  while  these  two 
latter  conditions  may  only  be  differentiated  from  one  another  after  a 
microscopic  examination  of  the  spleen. 

2.  The  case  here  reported  should  be  placed  among  those  cases 
termed  "  Banti's  disease"  for  three  reasons:  (a)  The  very  great  en- 
largement of  the  spleen  ;  (6)  the  presence  of  a  cirrhotic  process  iu  the 
liver  ;  (c)  the  fact  that  the  enlargement  of  the  spleen  was  due  to  a 
general  hyperplasia,  but  more  especially  of  the  connective  tissue. 

•S.  The  present  case,  exhibiting  an  advanced  chronic  productive 
nephritis,  somewhat  extends  the  scope  of  the  pathological  anatomy  of 
Banti's  disease. 

Speculation  as  to  the  etiology  of  the  disease  seems  at  present  prema- 
ture, but  the  increasing  recognition  of  the  occurrence  of  transitional 
cases  connecting  together  Banti's  disease,  splenic  anremia,  and  diffuse 
cirrhosis  of  the  liver  suggests  an  origin  from  a  common  cause  emana- 
ting from  the  gastro-iutestiual  tract. 

Finally,  I  would  thank  Prof.  James  Ewing  for  placing  this  case  at 
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my  disposal,  and  for  many  kind  suggestions  during  the  preparation  of 
this  paper.  For  the  photomicrographs  I  am  indebted  to  Dr.  B.  H. 
Buxton. 
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ENZYMES   IN    TUMORS.' 
B.   H.  Buxton. 

{/ns/rnclor  in  Bacteriology,  Corntll  Midical  College.  ^ 

The  following  is  a  preliminary  report  on  a  line  of  experi- 
mental work  undertaken  in  connection  with  the  Huntington 
fund  for  cancer  research,  and  carried  out  in  the  pathological 
laboratory  of  Cornell  Medical  College. 

My  best  thanks  are  due  to  many  of  my  confreres,  more 
particularly  to  Dr.  Carl  Beck,  for  material   kindly  provided. 

I  am  also  greatly  indebted  to  Professors  Green,  of  Cam- 
bridge, and  Beijerinck,  of  Delft,  both  of  whom  very  kindly 
gave  me  most  valuable  instruction  last  summer  in  the 
methods  of  testing  for  enzymes. 

The  object  of  the  work  is  to  endeavor  to  determine : 

(i.)  The  nature  of  any  enzymes  present  in  malignant 
tumors. 

(2.)      If  any  particular  enzj'mes  are  constantly  present. 

(3.)  If  so,  are  they  in  any  way  difterent  to  those  found 
in  normal  tissues. 

The  enzymes  in  question  would,  of  course,  be  strictly  in- 
tracellular as  opposed  to  the  extracellular  enzymes  of  the 
digestive  tract.  The  extracellular  enzymes  have  long  been 
known  and  very  closely  studied,  but  until  comparatively  re- 
cent years,  ferment  action  occurring  in  the  animal  cell  itself 
was  ascribed  to  vital  action  of  the  protoplasm.  It  was  sup- 
posed that  in  this  respect  there  is  a  difference  between  vege- 
table and  animal  enzymes:  the  former  acting  in  the  cell 
itself,  whilst  the  latter  are  poured  out  into  the  digestive  tract 
to  do  their  work  outside  of  the  actual  organism. 

It  gradually  came  to  be  recognized,  however,  that  from 
animal  cells  —  cells,  moreover,  which  are  not  concerned  in  the 
manufacture  of  extracellular  enzymes  there  can  be  extracted 
by  maceration  in  water   certain  soluble  principles,  which  can 
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exert  various  ferment  actions  altogether  apart  from  the  Hfe 
of  the  cell. 

By  grinding  yeast  cells  to  powder  and  pressing  out  the 
juice,  Buchner  was  able  to  extract  zymase,  the  principle 
which  converts  glucose  into  alcohol  and  carbon  dioxide.  It 
has  been  found  impossible  by  simple  maceration  of  yeast  to 
obtain  any  such  ferment  apart  from  the  living  cell.  Experi- 
ments on  the  lines  of  mechanically  tearing  cells  to  pieces  in 
various  ways  are  being  systematically  carried  on  at  the  Jen- 
ner  Institute  in  London  by  MacFadyean  and  Rowland,  but 
it  still  remains  an  open  question  whether  animal  cells  can  be 
got  to  jneld  by  such  methods  any  enzymes  which  cannot  be 
extracted  by  simple  maceration. 

The  subject  of  intracellular  ferments  for  normal  tissues 
has  been  worked  over  pretty  thoroughly  in  recent  years,  but 
as  applied  to  pathological  tissues  has  received  but  little  at- 
tention. Petry^*  found  that  carcinoma  tissue  very  readily 
undergoes  autolysis,  with  increase  of  non-coagulable  proteids 
and  formation  of  leucin,  tyrosin,  hexon  and  purin  bases  at 
the  expense  of  the  more  complex  proteids  coagulable  by  heat. 
The  autolysis  is  due  to  the  presence  of  a  proteolytic  ferment, 
the  products  corresponding  to  those  found  by  Salkowski  and 
others  in  autolysis  of  normal  organs. 

Emerson '"  in  a  study  on  the  influence  of  carcinoma  of  the 
stomach  on  digestion,  comes  to  the  conclusion  that  in  carci- 
nomatous tissue  there  exist  proteolytic  ferments  which  carry 
the  digestion  beyond  the  albumose  and  peptone  stages. 
Such  ferments  dissolved  out  from  the  ulcerated  surface  of 
carcinoma  of  the  stomach  accelerate  the  action  of  the  pep- 
sin, and  their  ultimate  products,  diamido  bodies,  and  so  forth, 
enter  into  loose  combination  with  the  HCl.  In  this  way  he 
accounts  for  the  absence  of  free  HCl  in  such  cases.  There 
are  some  weak  points  in  his  arguments,  and  the  work  needs 
confirmation,  which  Emerson  says  it  is  receiving  at  the 
hands  of  Ur.  Falta,  of  Basel. 
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The  first  step  to  be  taken  was  to  test  a  number  of  malig- 
nant tumors  to  see  what  enzymes  they  contain.  Since  it  is 
not  always  easy  to  obtain  cancer  material  in  sufficient 
quantity  to  make  filtered  e.xtracts  and  test  for  enzymes  in 
solution,  an  attempt  was  made  to  demonstrate  their  presence 
by  means  of  diffusion  in  agar  plates. 

For  this  the  methods  adopted  by  Bcijerinck  -'  and 
Eijckman  *  for  demonstration  of  vegetable  and  bacterial 
enzymes  have  been  utilized  and  modified  to  suit  require- 
ments. It  is  fully  realized,  however,  that  the  results  obtained 
require  checking  and  confirmation  by  means  of  e.xtracts  pre- 
pared and  tested  in  the  usual  way,  and  the  intention  is  to 
extend  the  work  in  this  direction.  If  the  method  of  diffusion 
in  agar  plates  proves  reliable,  as  there  seems  little  reason  to 
doubt  will  be  the  case,  it  will  certainly  be  a  convenient  one 
to  adopt,  since  very  small  amounts  of  tissue  are  required,  and 
the  method  is  simplicity  itself.  To  quantitative  determina- 
tions it  is  obvious  that  it  can  never  be  applied.  At  the  best 
only  rough  comparisons  can  be  made. 

Whatever  the  method  adopted,  however,  there  will  always 
be  two  great  disturbing  elements  in  examination  of  the  cell 
products  of  tumors: 

(i.)  The  presence  of  blood  from  which  the  tissues  cannot 
be  freed  by  the  methods  used  in  animal  experiment. 

(2.)  The  presence,  especially  in  carcinoma,  of  tissue  which 
merely  represents  a  productive  inflammatory  reaction,  and  is 
not,  properly  speaking,  a  part  of  the  tumor  itself.  Fully 
formed  connective  tissue  contains  little  or  no  active  ferm.ent, 
but  young  connective  tissue  and  leucocytes  will  alwaj-s  have 
to  be  reckoned  with. 

The  methods  of  procedure  were  as  follows:  The  tumor, 
or  part  of  it,  freed  as  far  as  possible  from  other  tissues  was 
weighed  and  chopped  fine.  About  an  equal  amount  of 
pumice  stone  was  added,  and  the  whole  pounded  as  fine  as 
possible  in  a  mortar.  Enough  fifty  per  cent  glycerin  in 
water  was  then  added  to  bring  the  mass  to  the  consistence  of 
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a  soft  paste  or  pulp.  Vernon'"  found  fift)-  per  cent  gl}-cerin 
the  best  extractive  for  enzymes. 

The  pulp  was  then  divided  into  two  parts,  and  put  into 
two  sterile  bottles  labelled  A  and  B :  B  was  boiled  for 
twenty  minutes,  and  a  little  more  fifty  per  cent  glycerin  was 
added  to  bring  it  again  to  its  original  consistence.  Twenty 
or  thirty  grams  of  each  were  found  to  be  sufficient,  and  for 
some  small  tumors  a  good  deal  less  had  to  be  put  up  with. 
A  little  chloroform  was  added  to  each,  stirred  well  in,  and 
renewed  from  time  to  time  as  found  necessary. 

The  tumor  was  at  once  tested  bacteriologically.  A  loop- 
ful  of  the  pulp  was  put  into  a  melted  agar  tube  and  plated 
out.  It  may  be  mentioned  once  for  all  that  the  tumors  tab- 
ulated here  were  practically  sterile.  There  were  in  some 
cases  a  few  colonies  on  the  plates,  but  never  more  than 
could  be  accounted  for  by  unavoidable  contamination  during 
manipulation. 

After  keeping  for  two  or  three  weeks,  the  pulp  became 
absolutely  sterile,  except  for  the  occasional  presence  of  a  few 
spores  belonging  to  the  mesentericus  or  hay  bacillus  group. 
It  may  be  taken  for  granted,  then,  that  there  were  no  enzymes 
due  to  previous  infection  by  bacteria  present  in  any  of  the 
tumors. 

The  agar  used  as  a  basis  for  the  plates  was  made  up  to 
two  per  cent  with  tap  water,  boiled  till  dissolved,  cleared  by 
prolonged  boiling  with  white  of  egg,  and  filtered  through 
cloth  and  absorbent  cotton.  The  agar  was  distributed  into 
small  flasks,  lOO  cc.  in  each,  more  or  less,  as  required,  and 
sterilized. 

When  needed  for  use  the  agar  was  melted  and  a  little 
thymol  added  whilst  hot,  so  that  it  would  dissolve 
thoroughly.  The  agar  was  then  cooled  down  gradually  to 
50"  C.  or  60°  C. ;  the  substance  needed  for  the  reaction 
added,  and  as  soon  as  this  was  thoroughly  mixed  or  dis- 
solved, the  agar  was  poured  into  Petri  dishes,  about  15  cc. 
in  each,  and  allowed  to  set. 

A  small  spoonful,  about  \  cc,  of  the  pulp  A  and  another 
of  B   were   put   on   the   surface   of  the  agar,  spread  out  in  a 
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circle  of  20  mm.  diameter,  and  the  plate  kept  in  an  air-tight 
incubator  at  40"  C,  exposed  to  vapor  of  chloroform  water. 
In  spite  of  the  thymol  and  chloroform,  it  was  found  neces- 
sary to  conduct  the  operations  as  aseptically  as  possible, 
since  some  spore-bearing  bacilli  of  the  mesentericus  or  hay 
bacillus  groups  would  occasionally,  though  not  often,  grow 
on  the  plates  after  two  or  three  days.  This  was  not  of  much 
consequence,  however,  since  the  observations  on  the  enzymes 
seldom  extended  over  more  than  forty-eight  hours.  Fresh 
milk  could  not  be  used  for  the  milk  agar  plates,  or  there 
would  be  countless  colonies  in  forty-eight  hours.  There  is 
one  advantage  in  using  agar  plates,  and  that  is,  that  any  con- 
tamination by  bacteria  can  be  at  once  detected. 

EXPERIMENTS. 

I.     Proteolytic  enzymes. 

(a.)  Egg  albumen.  Suspension  5  per  cent  of  white  of  egg  in  agar. 
Slightly  opalescent. 

This  has  been  found  very  useful  for  demonstration  of  bacterial  enzymes. 
An  old  culture  of  anthrax,  for  example,  together  with  some  of  the  agar  on 
which  it  has  been  growing,  is  smeared  over  the  surface.  In  twenty-four  to 
forty-eight  hours  a  clear  ring  of  10-20  mm.  all  around  the  smear  can  be 
seen,  and  the  effect  is  heightened  by  heating  over  a  flame.  The  egg 
albumen  coagulates,  and  the  agar  becomes  quite  opaque,  except  for  the 
ring  around  the  anthrax  culture.  Growth  has  been  prevented  by  the 
thymol  and  chloroform,  so  that  the  change  must  have  been  due  to  diffusion 
of  enzymes  previously  secreted. 

This  method  applied  to  tumors,  however,  led  to  no  positive  results.  In 
none  of  them  could  proteolytic  enzymes  acting  on  egg  albumen  be 
demonstrated. 

Hedin  &  Rowland  '»  found  that  intracellular  proteolytic  enzymes  of  the 
spleen  were  most  active  in  slightly  acid  solutions.  In  view  of  this,  and  of 
Emerson's  experiments  already  mentioned,  egg  albumen  plates  with 
.35  per  cent  HCl  were  used  in  some  cases  as  well  as  the  neutral  ones,  but 
here  also  the  results  were  negative. 

(*.)  Milk.     Agar,  90  per  cent ;  sterilized  milk,  10  per  cent. 

The  milk  plates  treated  with  anthrax,  as  already  described  for  egg 
albumen,  show  in  twenty-four  hours  a  ring  of  coagulation  (rennet),  and 
later  on  an  inner  clear  ring  due  to  digestion  of  the  coagulated  casein  by  a 
proteolytic  enzyme.     The  results  obtained  with  tumors  were  uneven  : 

Some  showed  no  change  ; 

Others  clearing  without  previous  coagulation  ; 

One  coagulation  and  no  subsequent  clearing ; 
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Whilst  some  showed  both  in  the  clearest  possible  way. 
None  of  the  boiled  controls  had  any  effect  on  the  milk. 

(c.)  Liquefaction  of  gelatine.  Ten  per  cent  water  gelatine  with  a  little 
thymol  into  Petri  dishes  kept  at  room  temperature. 

Here  again  the  results  were  uneven.  With  some  tumors  there  was 
liquefaction,  more  or  less  rapid,  and  with  others  none.  In  no  case  did  the 
boiled  controls  have  any  effect  on  the  gelatine. 

Eijckman'  found  that  among  the  bacteria  those  which  liquefy  gelatine 
also  digest  casein  and  vice  vers;l.  My  experiences  coincide  with  his  so 
far  as  bacteria  go,  but  this  was  not  always  found  to  be  the  case  with  the 
tumors.  No.  28,  for  instance,  had  no  effect  on  gelatine,  but  coagulated 
and  then  digested  the  milk  in  a  very  marked  way. 

((/.)  Hemolysins.  Several  experiments  were  made  with  agar  -|-  .7  per 
cent  NaCl,  in  which  a  little  defibrinated  blood  was  suspended.  In  this  the 
blood  corpuscles  remain  intact,  but  are  dissolved  by  thymol  or  chloroform 
vapor.  Antiseptics,  therefore,  could  not  be  used,  and  it  has  hitherto  been 
found  impossible  to  avoid  some  contamination  of  the  plates  so  that  the 
results  have  been  negative,  although  there  were  indications  of  hemolysins 
in  some  instances. 

(<?'.)  Fibrin.  Pounded  fine  and  suspended  in  agar  was  never  affected  in 
the  least. 

(/.)  Serum  Coagulated  in  Petri  dishes  was  not  liquefied,  but  only  a 
few  of  the  tumors  were  tested  in  this  way. 

The  experiments  with  proteolytic  enzymes  then  afiforded 
uncertain  results.  The  softer  and  more  cellular  tumors  one 
would  e.Kpect  to  contain  more  than  the  denser,  more  fibrous 
ones,  but  this  does  not  always  appear  to  be  the  case, 
although  it  usually  is. 

Petry,  whose  experiments  on  autolysis  of  carcinoma  tissue 
have  already  been  mentioned,  has  been  quoted  as  saying 
that  such  autolysis  proceeds  more  quickly  than  with  normal 
tissues.  But  he  actually  only  made  comparisons  with 
normal  breast  tissue,  which  is  relatively  poor  in  cells,  and 
there  seems  so  far  no  reason  to  suppose  that  carcinoma 
tissue  undergoes  autolysis  more  rapidly  than  normal  highly 
cellular  organs,  such  as  liver. 

Jacoby"  has  recently  advanced  the  opinion  that  the  pro- 
teolytic intracellular  ferments  of  the  various  organs  are  to 
some  extent  specific.  He  found  at  any  rate  that  ferments  in 
liver  extract,  which  have  the  power  of  reducing  the  amount 
of  protcid  coagulable  by  heat  in  liver  tissue,  have  no  effect 
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on  the  coagulable  protcids  of  lung  tissue,  although  they  can 
attack  the  albumoses  in  both  instances.  He  points  out  that 
the  coagulable  protcids  of  lung  and  liver  would  never  come 
in  contact  with  each  other,  but  the  albumoses  from  the  lung 
might  reach  the  liver  and  other  organs  by  way  of  the  circu- 
lation, as  has  been  recently  shown  by  Embden  and  Knoop ' 
and  Langstcin.-'"  The  former  then  have  developed  specificity, 
and  can  only  be  attacked  by  specific  enzymes,*  whilst  the 
albumoses  are  general,  and  can  be  acted  upon  by  enzymes 
common  to  all  organs.  Jacoby  finds  an  analogy  to  this  in 
the  action  of  the  complements,  some  of  which  are  strictly 
specific,  whilst  others  have  a  more  general  character. 

Some  such  specificity  of  the  proteid  and  enzyme  mole- 
cules may,  perhaps,  account  for  the  egg  albumen  in  the  agar 
plates  always  remaining  untouched,  whilst  the  non-coagu- 
lable  casein  and  the  still  simpler  gelatine  were  often  digested. 

This  hypothesis  of  hyper-specificity,  as  it  may  be  called, 
for  proteolytic  ferments  does  not,  of  course,  apply  to  those  of 
the  digestive  tract,  but  only  to  such  as  act  intracelUilarly. 

It  seems,  however,  more  probable  that  the  proteoij-tic 
enzyme  of  the  tumors  is  allied  to  the  erepsin  of  Cohnheim 
(Zeit.  Phys.  Chem.,  Vols.  33,  35,  36,  1901  and  1902),  found 
by  him  in  the  secretions,  but  more  particularly  in  the  mucous 
membrane  of  the  small  intestine.  Erepsin  cannot  attack  egg 
albumen  or  fibrin,  but  can  actively  reduce,  not  only  albu- 
moses and  peptones,  but  also  casein  to  crystallizable 
products;   leucin,  tyrosin,  etc. 

Cohnheim  maintains  that  erepsin  is  an  intracellular  fer- 
ment which  attacks  the  peptones  at  the  moment  of  their 
resorption  by  the  cells  of  the  mucous  membrane. 

Amylase.  —  Two  kinds  of  plates  were  prepared: 

(i.)    Agar,  100  c.c.  4-  soluble  starch  .5  grams. 

(2.)   Agar,  lOO  c.c.  +  glycogen  .25  grams. 

After  two  days  the  plates  were  flooded  with  HCl  3.5  per 
cent  for  a  minute  or  so  to  remove  any  traces  of  alkalinity 

•Bokomy'  considers  that  in  the  present  slate  of  our  knowledge  we  must  assume 
a  special  plasma  for  each  function  of  the  cell,  and  emphasizes  the  intimate  relations  of 
the  protoplasm  of  a  cell  and  its  enzyme. 
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which  would  interfere  with  the  subsequent  reaction.  The 
HCl  was  then  poured  off  and  dihited  Lugol  solution  was 
poured  over  the  surface.  The  starch  agar  turns  deep  blue 
and  the  glycogen  brown,  except  where  there  has  been  some 
conversion  into  sugar. 

In  every  case  there  was  some  conversion  shown  by  a  clear 
ring  around  A,  whilst  B  always  remained  unchanged.  In 
the  tables  the  width  of  the  rings  is  marked  in  millimeters  in 
each  case. 

Glycogen  has  often  been  demonstrated  in  tumor  cells  by 
micro-chemical  methods.  Lubarsch-^  could  only  find  it  in 
sixty-two  out  of  four  hundred  and  eighty  tumors,  but  Brault* 
claims  that  it  can  always  be  found,  if  small  pieces  of  the 
tumor  tissue  are  taken  quite  fresh  and  put  directly  into 
absolute  alcohol,  so  that  the  glycogen  has  no  chance  to 
dissolve  out.  The  more  malignant  the  tumor,  the  more 
glycogen  it  contains,  and  prognosis  can  be  based  on  the 
amount  observable. 

A  reversing  action  for  some  enzymes  has  been  demon- 
strated. Croft  Hill  showed  that  if  maltase  be  added  to  a 
concentrated  solution  of  glucose  some  of  the  latter  is  syn- 
thesized by  dehydration  into  maltose. 

Hanriot,"  Loevenhardt,"  and  others  have  shown  that  lipase 
has  a  reversing  action  and  can  either  synthesize  or  analyze  fats 
in  such  away  as  to  maintain  the  necessary  equilibrium  in  the 
various  cells  of  the  organism. 

Cremer,"  on  adding  glucose  to  Buchner's  pressed  yeast 
extract,  found  traces  of  glycogen  were  formed,  but  it  cannot 
yet  be  considered  proved  that  amylase  is  able  to  exert  a 
reversing  action. 

That  the  glycogen  in  tumor  cells  is  synthesized  "  in  sutu  " 
and  not  brought  in  as  glycogen,  there  can  be  little  doubt,  and 
it  is  significant  to  find  amylase  so  constantly  present  in  tumor 
tissue.  A  future  study  will  be  to  compare  the  amounts  of 
glycogen  and  amylase  found  in  tumors  and  see  if  they  bear 
any  relations  to  each  other.  Up  to  now  the  amount  of  amy- 
lase present,  so  far  as  can  be  roughly  judged  by  width  in 
millimeters  of  starch  converted,  does  not  seem  to  vary  directly 
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with  the  malignancy.  The  very  malignant  tumors  of  the  liver 
contained  comparatively  little  amylase.  This  again  seems 
significant  and  worth  further  investigation,  since  the  adult 
liver  contains  glycogen,  whilst  it  is  absent  in  the  embryonic 
liver.  In  other  tissues  the  reverse  obtains,  with  the  excep- 
tion of  the  muscles  which  do  not  enter  into  the  question  so 
far  as  malignant  tumors  are  concerned. 

Lipase.  —  For  demonstration  of  this  in  the  blood  and 
other  organs,  Hanriot  used  solutions  of  butyrin,  and  Loeven- 
hardt  of  ethylbutyrate,  with  positive  results  in  both  instances, 
so  far  as  the  blood  is  concerned. 

Doyen  and  Morel,'  using  emulsions  of  olive  oil,  could  not 
confirm  Hanriot's  experiments,  but  concluded  that  blood  con- 
tains no  lipase,  and  that  the  formation  of  acid  in  Hanriot's  solu- 
tions was  due  to  bacterial  growth.  Arthus '  found  a  ferment  in 
blood  which  converts  butyrin  into  glycerin  and  butyric  acid, 
but  has  no  effect  on  vegetable  or  animal  fats.  He  calls  it 
butyrase,  distinguishing  it  from  true  lipase.  It  is  a  question, 
however,  if  the  action  be  not  one  of  degree  rather  than  of  kind. 
The  lipase  present  may  be  sufficiently  concentrated  to  convert 
butyrin,  but  not  the  more  stable  compounds  of  the  higher 
fatty  acids.  An  analogous  instance  may  be  found  in  the 
metacasein  reaction.  Roberts  -''  showed  that  milk  treated 
with  pancreatic  extract  does  not  curdle  at  room  temperature, 
but  will  do  so  on  boiling.  He  concluded  that  he  had  demon- 
strated a  milk-curdling  ferment  of  a  different  nature  to  true 
rennet,  but  it  is  now  held  that  it  is  only  a  question  of  the 
amount  of  rennet  and  the  conditions  under  which  it  acts.'" 

The  method  adopted  here  was  to  mix  the  fatty  substance 
with  litmus  agar  just  sufficiently  alkalinized  to  turn  the 
litmus  blue.  The  lipase  diffuses  out  into  the  medium,  con- 
verting the  fat  into  a  fatty  acid  and  something  else ;  the 
litmus  turning  red  on  account  of  the  acid  liberated. 

Neither  ethjibutyrate  nor  oil  emulsion  were  found  to  give 
satisfactory  results;  only  traces  of  acid  being  occasionally 
formed,  and  in  the  great  majority  of  instances  none  at  all. 
It  appears  as  if  the   lipase  present  is  not  strong  enough  to 
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decompose  the  substances  under  the  conditions  offered,  but 
the  more  labile  butyrin  (one  per  cent  in  agar)  always  yields 
positive  results.  In  an  hour  or  so  there  is  distinct  redden- 
ing all  round  A,  and  in  five  hours  a  red  ring,  varying  from 
one  millimeter  in  some  instances  to  five  or  six  in  others. 
The  reddening  is  progressive,  spreading  all  over  the  A  side 
of  the  plate  in  twenty-four  hours. 

Whether  it  be  true  lipase  or  not,  there  is  certainly  some- 
thing in  the  tumors  which  can  rapidly  convert  butyrin  into 
glycerin  and  butyric  acid,  and  this  power  is  destroyed  on 
boiling,  since  B  never  showed  any  traces  of  reddening. 

Bacterial  growth  was  excluded,  and  the  original  reaction 
of  the  pulp  was  either  neutral  or  so  very  faintly  acid  to 
litmus  that  it  had  no  visible  cftect  on  plain  litmus  agar 
plate. 

It  is  very  fascinating  to  watch  the  progressive  reddening, 
but  it  must  be  confessed  that  the  value  of  the  reaction  for 
tumors  will  probably  prove  to  be  nil,  since  normal  rabbit 
organs,  and  more  particularly  the  blood,  were  also  found  to 
convert  the  butyrin  in  every  instance. 

Suspensions  of  butter  in  agar,  about  two  per  cent,  were 
tried  for  micro-organisms.  No  bacteria  were  found  which 
could  split  the  butter,  but  aspergillus  niger,  which  is  known 
to  secrete  lipase,^  reddens  the  litmus  all  around  the  growth 
in  forty-eight  hours. 

On  applying  this  to  the  tumors  it  was  found  that  in  some 
instances  there  was  slight  reddening,  but  the  results  were 
uncertain  and   not  worth  recording. 

Oxidases.  —  Animal  tissues  are  able  to  readily  oxidize 
many  substances  which  in  the  chemical  laboratory  can  only 
be  oxidized  very  slowly  at  body  temperature,  or  rapidly 
at  much  higher  temperature.  Until  recently  this  power 
of  accelerating  oxidation  was  attributed  to  vital  energy,  but 
it   is    now  known    that   it  is  due,  partially  if  not   entirely,* 


*  Jacoby"  points  out  there  are  many  substances  oxidizable  in  the  body  which  fer- 
ments will  not  oxidize.  It  may,  however,  be  only  a  question  of  time  before  ferments 
for  these  are  discovered. 
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to  soluble  oxidizing  ferments,  oxidases,  which  can  be  ex- 
tracted from  the  cell,  and  exert  their  influence  altogether 
apart  from  it.  The  oxidases  in  the  biological  seem  to 
play  the  part  of  heat  in  the  chemical  world. 

Again  there  are  substances,  such  as  oxalic  acid,^  easily 
oxidizable  by  chemical  methods,  which  pass  through  the 
body  unchanged,  and  are  therefore  not  affected  by  the  oxi- 
dases. 

The  oxidases,  then,  can  exert  a  selective  action,  presum- 
ably oxidizing  such  substances  as  in  their  oxidized  condition 
will  be  of  use  to,  or  less  harmful  to,  the  cell,  whilst  those 
which  are  indifferent  or  naturally  foreign  to  the  organism 
are  not  affected. 

The  individual  oxidases  do  not  appear  to  possess  speci- 
ficity. Those  which  respond  to  one  reaction  will,  as  a  rule, 
respond  to  others,  indicating  that  they  can  oxidize  more 
than  one  particular  substance,  but  there  are  certainly  differ- 
ent kinds.  A  ferment  can  be  extracted,  for  instance,  from 
liver  tissue  which  does  not  give  the  guaiac  reaction,  but  can 
oxidize  salicyl  aldehyde  to  salicylic  acid.'-"-' 

The  oxidases,  like  other  ferments,  are  destroyed  by  boiling. 
There  are  several  reactions  by  which  their  presence  may  by 
recognized. 

I.  The  Guaiac  test,  (a.)  To  a  little  distilled  water  in 
a  tilted  porcelain  dish  a  saturated  alcoholic  solution  of  gum 
guaiac  is  added  to  the  point  of  a  milky  emulsion. 

A  small  quantity  of  the  tumor  pulp  is  placed  at  the  margin 
of  the  fluid,  and  a  blue  color  due  to  oxidation  of  the  guaiac- 
onic  acid  contained  in  the  guaiac,  would  show  the  presence 
of  oxidase.  In  no  case  did  the  blue  color  appear.  Oxi- 
dases which  turn  guaiac  blue  then  were  uniformly  absent,  nor 
were  they  ever  found  in  normal  organs,  human  or  animal. 
The  latter  observations  agree  with  those  of  Rosell,^  who 
in  normal  organs  never  found  oxidases  turning  guaiac 
blue.  (d.)  On  adding  a  little  H.jO.,  to  the  above  after 
thirty  minutes  or  so,  a  blue  color  always  appeared,  more  or 
less  rapidly  diffusing  throughout  the  emulsion.  Peroxidases, 
therefore,  were  always  present,  and  the  same  holds  good  for 
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normal  tissues.  Blood,  as  is  so  well  known,  gives  the  reac- 
tion very  readily,  and  its  presence  in  the  tumors  no  doubt 
accelerates  the  action,  though  Jacoby  '^  says  tissue  freed 
from  blood   is  also  active. 

This  property  of  turning  guaiac  blue  in  the  presence  of 
H2O2  was  greatly  weakened,  though  not  entirely  lost,  on  boil- 
ing, so  that  there  must  be  something  present  besides  the 
peroxidases  which  can  oxidize  the  guaiac.  Schaer,-'*  indeed, 
found  that  there  are  a  great  many  such  substances. 

H2O.2  ferment  (Catalase).  All  the  tumors  decomposed 
H.jOg  with  release  of  oxygen,  and  this  appears  to  be  a  prop- 
erty of  all  living  protoplasm.  Boiling  invariably  destroyed 
the  activity. 

This  ferment  is  probably  identical  with  peroxidase,  the 
liberated  oxygen  in  the  presence  of  guaiac  having  the  power 
of  oxidizing  it. 

Indo-phenol  reaction.  —  Freshly  dissolved  dimethylpara- 
phenylendiamin  and  a  naphthol  were  mixed  in  equal  parts 
and  6-8  cc.  added  to  each  100  cc.  of  agar,  at  once  plated  out, 
and  the  tumor  pulp  placed  on  the  surface.  In  twenty-four 
hours  such  plates  have  become  pale  blue  all  over  (indo- 
phenol),  but  where  the  reaction  has  been  accelerated 
and  intensified  by  oxidizing  ferments,  as  is  always  the 
case  with  a  slice  of  potato,  there  is  very  distinct  deep  blue 
ring  all  round  the  substance.  The  tumors  never  afforded 
such  clear  deep  blue  rings  as  the  potato,  and  the  reaction 
often  failed  to  materialize  at  all,  so  that  the  results  so  far 
obtained  do  not  seem  to  point  to  any  conclusion.  Rosell 
observed  this  reaction  with  some  normal  organs  and  failed 
with  others. 

LJllie  by  micro-chemical  methods  demonstrated  the  indo- 
phenol  reaction  in  leucocytes  and  other  cells,  the  blue  color 
appearing  most  intense  in  the  neighborhood  of  the  nuclei. 

Hydrokinone  reaction.  —  Agar,  100  cc. ;  hydrokinone,  I 
gram.  In  solutions  containing  oxidases  the  hydrokinone  is 
gradually  oxidized  to  the  dark  reddish  quinone  and  after  a 
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time  green  crystals  of  quiiiliydrone  separate  out.  On  agar 
plates  the  green  crystals  were  never  observed,  but  potato  in 
a  few  hours  becomes  surrounded  by  a  dark  ring.  The 
tumors  never  showed  this  so  clearly  as  the  potato,  and  the 
results  were  irregular  and  unsatisfactory. 

Besides  these,  a  few  experiments  were  made  on  agar  plate? 
with  indican,  changed  to  indoxyl  by  indiesac,-  the  indoxyl 
being  oxidized  by  free  oxygen  to  indigo  blue ;  and  tyrosin, 
blackened  by  tyrosinase,"  but  the  results  were  entirely 
negative. 

Experiments  with  oxydases  have,  therefore,  led  to  no  par- 
ticular results,  but  so  little  is  known  of  these  ferments  and 
the  necessary  conditions  for  their  action,  that  this  was  only 
to  be  expected  at  first. 

The  idea  of  suboxidation  as  a  cause  of  tumor  formation 
seems  to  be  gaining  ground,  but  so  far  is  purely  speculative, 
having  no  experimental  basis  on  which  to  rest.  With  this 
idea  in  mind,  however,  an  extended  study  of  the  oxidizing 
ferments  found  in  tumors,  and  a  comparison  of  them  with 
those  of  normal  tissues,  may  help  to  confirm  or  overthrow  the 
hypothesi^s. 

The  accompanying  tables  show  in  detail  the  results  ob- 
tained. Tumor  pulps  kept  for  a  month  or  two  months,  and 
tested  a  second  and  third  time,  never  showed  more  than 
trifling  variations  from  the  primary  observations  either  in 
quantity  or  in  quality  of  enzymes,  so  that  their  variations 
have  not  been  taken  into  account  in  making  up  the  tables. 
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MYCOTIC  ENZYMES. 


B.  H.  BUXTON,  M.D., 
of  New  York. 

In  dealing  with  ferments,  a  distinction  is  usually 
drawn  between  unorganized  soluble  ferments — enzymes 
secreted  by  multicellular  plants  and  animals  and  orgran- 
ized  living  ferments,  the  mycetes  (molds,  yeasts,  and 
bacteria) — which  were  supposed  at  one  time  to  effect 
changes  in  organic  matter  by  direct  protoplasmic  action 
only. 

This,  however,  is  a  distinction  without  a  difference, 
since  it  has  more  recently  been  shown  that  those  nutri- 
tive substances  which  are  not  directly  a.ssimilable  by 
higlier  or;;anisms  cannot  be  directl.v  assimilated  by  the 
mycetes  cithtT,  and  tliat  these  latter  also  convert  non- 
assimilable into  assimilable  substances  by  means  of 
enzymes.  The  only  difference  is  that  among  the  higher 
organisms  certain  cells  are  specialized  for  the  production 
of  enzymes,  while  with  the  mycetes  each  cell  has  to 
do  all  its  own  work. 

Taking  the  carbohydrates  and  jiroteids  as  examples, 
we  find  that  these  must  be  siniiilified  to  precisely  the 
same  stage,  both  for  multicfllular  and  unicellular  organ- 
isms, before  they  are  directly  assimilable. 

The  more  complex  carbohydrates,  the  polysaccharids 
(C,2H„„0,„)  n.,  such  as  starch,  glycogen,  and  inulin,  and  the 
disaccharids  (C,.^!!,/),,),  such  as  cane  sugar,  lactose,  and 
maltose  must  be  converted  into  monosaccharids  (( ',11,./  >,;), 
such  as  glucose  and  fructose,  while  tlu>  proteids,  hotli 
insoluble,  and  such  as  enter  into  colloidal  solution,  as  for 
example  albumin,  must  be  converted  into  peptones 
which  enter  into  true  solution. 

The  monosaccharids  and  peptones  alone  then  among 
these  two  classes  of  substances  can  be  directly  assimi- 
lated by  the  protoplasm  of  living  cells  whether  the  cells 
lead  an  independent  existence  or  form  a  part  of  a  com  j  ilex. 

Any  further  breaking  down  of  these  substances  by 
the  direct  action  of  the  protoplasm  may  be  called  cata- 
lysis, though  it  seems  (juite  possililc  that  even  the  cata- 
lytic action  may  in  realit.v  be  etiected  by  means  of 
enzymes  working  intracellularly,  since  Buchner  has 
shown  this  to  be  the  case  with  yeast,  which  effects  the 


conversion  of  {glucose  into  alcohol  and  carbon  dioxid  by 
means  of  an  cnzynic  (zymase),  existing  in  such  close 
connection  with  the  protoplasm  of  the  cell  that  it  can 
only  be  extracted  by  literally  tearing  the  cell  to  pieces, 
and  after  extraction,  /.  e.,  separation  from  the  proto- 
plasm, very  quickly  loses  its  activity. 

Zyniiuse,  then,  unlike  the  enzymes  known  hitherto, 
is  not  naturally  diffusible,  and  it  seems  quite  probable 
that  in  intracellular  juices  other  nondiffusible  enzymes, 
which  cannot  be  extracted  l)y  simple  maceration,  may 
be  demonstrated. 

Nondiffusible  enzymes,  such  as  zyma.se,  may  be  desig- 
nated as  intracellular,  but  the  diffusible  enzymes  may 
act  intracellularly,  as,  for  example,  the  amylase  of 
the  liver. 

In  connection  with  intracellular  ferment  action  may 
be  mentioned  certain  diffusil)le  I'nzynies — oxidases — • 
which  have  the  power  of  oxidizin-i:  vaiKius  substances  less 
complex  than  monosaccharids  and  pt'iitoiies.  For  exam- 
ple Spitzer  demonstrated  an  oxidase  in  liver  and  spleen 
pulp,  which  oxidized  hypoxanthin  (oxypurin)  to  xanthin 
(dioxypurin),  and  finally  to  uric  acid  (trioxypurin). 

The  oxidases  are  very  W'idely  distributed  both  in  the 
animal  and  vegetable  kingdoms,  and  in  one  form  or 
another  are  probably  a  constant  accompaniment  of  living 
protopla.sm.  It  may  be  then  that  pri)t(i|ilasiu  never 
exerts  a  direct  catalytic  action,  but  effects  all  its  breaking 
down  by  means  of  enzymes  which  it  secretes,  reserving 
for  itself  a  synthetic  action  only.  Oppenheimer  (p.  249) 
remarks,  "A  ferment  can  indeed  split  or  o.xidize,  but  can 
never  effect  syntheses." 

Even  this  assertion,  however,  may  have  to  be  modi- 
fied since  Croft  Hill  and  otliers  have  recently  shown  for 
a  few  hydroly/.ing  cnzynics  that  they  can  exert  a  revers- 
ing action,  under  certain  circumstances,  and  hydrate  or 
dehydrate  (synthesis),  according  to  the  nature  of  their 
environment.  Hanriot,  indeed,  goes  so  far  as  to  suggest 
that  diffusible  enzymes  acting  intracellularly,  as  lipase 
in  fat  cells,  and  amylase  in  liver  cells,  play  the  part  of 
regulators,  keeping  certain  constituents  of  the  cells  in 
constant  proportion  by  splitting  or  synthesising  as  occa- 
sion arises. 

However,  in  the  present  state  of  our  knowledge  we 
must  allow  to  protoplasm  the  power  of  catalytic  action, 
beginning  where  accurate  knowledge  of  enzymes  leaves 
off,  and  for  all  practical  purposes  this  knowledge  ceases 
with  monosaccharids  and  peptones  so  far  as  the  carbo- 
hydrates and  proteids  are  concerned. 


The  action  of  the  enzymes  on  the  more  complex 
carbohydrates  is  one  of  hydration  : 

(C„H  p,„)n.  +  nH,0  =  nC,,H„0 

Polysaccharid  Disaccharid 

C^H^O,.  ^  H,0  =  2C,H,p, 

Disaccharid  Monosaccharid 

Amylase. — The  enzymes  aetinfj  on  the  polysaccharids, 
starch  and  glycogen,  are  called  collectively  amylase. 
Whether  they  are  identical,  from  whatever  source  they 
may  be  derived  is  still  uncertain,  but  their  action  on 
starch  and  glycogen  appears  to  be  practically  similar  in 
all  cases.  The  first  step  is  to  change  the  insoluble  into 
soluble  starch,  the  soluble  starch  being  then  hydrated  to 
maltose  (disaccharid) ;  certain  intermediate  substances, 
the  dextrins,  being  formed  at  the  same  time.  It  is  sup- 
posed by  Brown  and  Morris,'  although  Brown"  appears 
to  have  more  recently  modified  his  views,  that  there  are 
numerous  varieties  of  tlextrines,  l)ut  however  tliis  may 
be,  they  can  at  any  rate  be  divided  into  two  distinct 
groups,  the  erythrodextrins  which  turn  red,  and  the 
achroodextrins  or  leukodextrins,  which  remain  colorless 
on  the  addition  of  iodin  in  the  shape  of  diluted  Lugol 
solution.     The  steps  then  in  the  process  are  : 


starch 

Soluble  starch 

(a)  Erythrodextrins  . 

(b)  Leiikodextrln.. 

Maltose 


Slightly  coUoidal. 
True. 


Blue. 

Blue. 

Ked. 

No  change. 

No  change. 


The  changes  in  glycogen  conversion  are  analogous  to, 
though  perhaps  not  absolutely  identical  with,  those  of 
starch. 

According  to  Duclaux,  amylase  contains  two  distinct 
enzymes:  (1)  Amylase  which  liquefies  the  starch,  i.  e., 
reduces  the  .solution  aggregates  without  aftecting  the 
individual  molecules,  bringing  it  down  to  the  dextrine 
stage,  and  (2)  dextrinase,  which  hydrates  the  molecule 
of  dextrine  to  one  of  maltose.  He  supposes  then  that 
the  difterences  between  starch  and  dextrin  are  physical, 
not  chemical,  and  one  of  his  arguments  in  favor  of  their 

*In  true  solution  each  molecule  of  the  dissolved  substance  lies 
separate  in  the  dissolving  medium,  while  in  colloidal  solution  the 
individual  molecules  are  not  entirely  separated  from  each  other  but 
occur  in  minute  groups— solution  aggregates  as  they  are  called  by 
Moore  and  Parker.  Substances  in  true  solution  will  dialyze,  but 
those  in  colloidal  solution  with  difficulty  or  not  at  all  according  to  the 
size  of  the  aggregates.  Substances  in  colloidal  solution  therefore  are 
practically  in  suspension  and  the  only  difference  between  these  and 
insoluble  substances  is  in  the  size  of  the  suspended  particles. 


identity  is  that  they  both  rotate  the  plane  of  polarized 
light  to  the  si\me  degree  (a)  dj- 202.0,  while  maltose 
rotates  (a)  d+ 138.0. 

Beijerinck*'  is  of  a  different  opinion,  although  he  also 
considers  that  amylase  is  a  mixture  of  two  different 
enzymes,  both  of  which  act  upon  stiirch  ;  one  forming 
erythrodextrin  and  maltose,  which  he  calls  erythrodex- 
trinase,  and  the  other  forming  leukodextrinand  maltose, 
which  he  calls  leukodextrina.se.  Leukodextrinase  can 
also  hj'drate  erythrodextrin  to  maltose,  but  erythrodex- 
trinase  has  no  effect  ujion  Icukoclextrin.  By  prolonged 
action  the  h'likcidcxtriiis  also  arc  converted  into  maltose. 
Wliether  amylase  is  coniiiosctl  of  two  or  more  different 
enzymes  or  not  for  the  present  remains  an  open  question, 
but  it  undoubtedly  is  possessed  of  two  distinct  properties ; 
first  liquefying  starch  and  then  converting  it  into  maltose. 
It  has  been  found  impossible  to  obtain  amylase  or, 
indeed,  any  enzyme  in  a  pure  state,  so  that  their  consti- 
tutions are  not  known,  but  it  is  probable  that  they  are 
of  a  proteid  nature  for  the  most  part. 

Amylase  is  secreted  by  Aspergillus  niger,  penicillium, 
glaucum,  and  several  other  molds.  In  European  and 
American  breweries  the  agent  made  use  of  for  converting 
malt  starch  into  sugar,  as  a  preliminary  to  alcoholic  fer- 
mentation by  yeast,  is  the  diastase  (amylase)  contained 
in  the  malt  itself. 

In  China  and  Japan  there  are  native  beers  and  other 
alcoholic  drinks  made  from  cooked  rice,   and  since  any 
amylase  present  in  the 
rice   must    have   been 
destroyed  in  the  cook- 
ing,   the    amylase    se- 
creting powers  of  cer- 
tain molds  are  called 
into  action.   Theactive 
rincii)le  u^e<l  in  brew- 
ing the  .Japanese  <Ak6 
is  called  koji,  and  con- 
sists of  a  mass  of  As- 
pergillus    o  ryzie    and 
yeast    with  a    certain 
proportion  of  rice. 
On  introducing  the 
- „     .  mixture  into  thin  rice 

Transmitted  light.    White  background,    aforph   nantp  thp  i<npr- 
A   clear    ring   surrounds   the   central    siarcn  pdbte  tne  asper- 

growth.  gillus  rapidly  attacks 


Fig.  l.—( Natural  size.)  Aspergillus  oryziv 
on  starch  agar  plate  treated  with  iodin 


the  starch,  converting  it  into  maltose,  and  the  process  is 
continued  by  the  yeast. 

The  accompanying  table  is  given  for  comparison  : 


European 

beer. 
Japanese  beer 

(sake). 

Chinese  beer. 


Amylase    secreted    by 

germinating  barley. 
Amylase    secreted     by 

Aspergillus      oryzw. 

(mold). 
Amylase    secreted    by 

Amylomyces    rouxii 

(mold). 


Saccharomyces    cere- 

visla. 
Saccharomyces. (?) 


Bacillus  lactis  aerogenes  and  .some  others  found  in 
sewage,  water,  and  soil  secrete  amylase  under  favorable 
conditions,  i.  e.,  presence  of  starch  and  scarcity  of  directly 
assimilable  carbohydrates. 

To  demonstrate  the  formation  of  amyla.se  by  bacteria 
an  ingenious  experiment  has  been  devised  by  Wysman. 

To  sugar  free  broth  gelatin  .Hfo  or  1  ^  soluble  starch 
is  luldt'd  and  after  sterilization  is  allowed  to  set  in  a 
Petri  t'.isli,  dilutcil  sewair"'  lu'lng  poured  over  the  surface 
and  pouretl  ort' again.  After  48  hours  or  so  the  plate  is 
flooded  with  diluted  Lugol  .solution,  the  gelatin  quickly 
turning  blue  except  around  those  colonies  which  have 
formed  amylase.  Such  colonies  appear  surrounded  by  a 
white  ring,  owing  to  the  conversion  of  the  starch  into 
dextrin  and  maltose.  Sometimes  there  is  an  outer  ring 
of  a  redd'sh  color,  showing  the  presence  of  erythro- 
dextrin. 

Since  many  bacteria  produce  alkali,  in  the  presence 
of  which  starch  does  not  turn  blue  with  iodin  becau.se  of 
the  formation  of  an  iodid,  it  is  necessary  first  to  flood  the 
plate  with  a  4^c  or  5^  solution  of  HCl,  leaving  it  on  for 
half  a  minute  or  so  to  neutralize  the  alkalies.  If  this  is 
not  done  the  alkali  producers  will  show  a  clear  ring 
around  them,  not  necessarily  due  to  amylase. 

iMjrkiuaii  liy  means  of  starcli  agar  plates  has  shown 
that  anthrax  and  the  s|)irilla  of  cholera  and  Metchnikoff 
secrete  amylase,  a  clear  ring  forming  around  the  colonies. 
B.  coli  communis,  typhoid,  diphtheria,  and  some  others 
showed  no  clear  ring  or  only  a  trace.  He  considers  the 
clear  ring  sufficient  evidence  and  finds  it  unnecessary  to 
treat  with  iodin. 

I  have  confirmed  Eijckman's  observations  on  starch 
agar  plates  and  have  also  demonstrated  conversion  of 
starch  by  cholera  and  anthrax  bacilli  in  another  way. 


6 

To  sufjar  free  broth  i  f  of  corn  starch  is  added  and  a 
number  of  tubes  tilled,  each  with  5  cc.  Ten  tubes  are 
then  inoculated  with  the  orf^anism  and  each  day  one 
taken  out  and  boiled.  At  the  end  of  ten  days  all  are 
filtered,  1  cc.  of  each  tested  with  Fehling's  solution  and 
the  reniaiiiinj;  ;J  or  4  cc.  after  boiling  is  put  into  a  fer- 
mentation tube,  fou^ether  with  sufficient  sugar  free  Itroth 
to  fill  it  up.  The  fermentation  tubes  are  then  inoculated 
with  B.  co!i  coiiuiUDtix  and  the  amount  of  gas  formation 
noted  in  4S  hours.  B.  cnli  coniMiDti.s  will  form  ga.s  if 
sugar  is  present  but  not  otherwise. 

It  was  found  in  this  way  that  anthrax  began  to  con- 
vert the  starcli  in  48  hours  and  cholera  in  three  days. 
Both  showed  progressive  increase  in  the  amount  of  sugar 
for  seven  or  eight  days,  after  which  there  was  progressive 
decrease  on  tlie  ninth  and  tenth  days,  no  doubt  owang  to 
the  utilization  of  tlie  siiirar  already  formed. 

In  both  cases  the  amount  of  starch  converted  is  small, 
though  anthrax  shows  a  somewhat  more  vigorous  action 
than  cholera.  Controls  were,  of  course,  taken  in  each 
instance. 

The  foregoing  experiments,  however,  only  show  that 
certain  living  bacteria  can  convert  starch  into  sugar,  and 
this  might  be  taken  to  be  due  to  vital  action,  although  it 
would  entail  the  supposition  that  the  starch  solution 
aggregates  can  be  absorbed  by  the  bacterial  cell.  But  if 
some  of  the  agar  on  which  an  old  culture  of  a  starch  con- 
verter has  been  growing  is  smeared  over  the  surface  of  a 
starch  agar  plate,  to  which  a  little  thymol  has  been 
added,  conversion  of  the  starch  can  be  demonstrated  by 
treatment  with  iodin  after  two  or  three  days. 

Here  there  can  have  been  no  growth  of  the  organism 
and  the  conversion  must  have  been  due  to  a  ditfusible 
enzyme  previously  secreted. 

Mallase. — Since  amylase  only  converts  starch  as  far  as 
maltose — a  disaccharid — it  is  necessary  for  this  to  be  still 
further  hydrated  to  a  monosaccharid,  and  this  is  done  by 
means  of  another  enzyme,  maltase,  which  in  nature 
almost  always  accompanies  amylase,  converting  a  mole- 
cule of  maltose  into  two  of  glucose.  Maltase  has  been 
found  by  B((ur(iuelot '  and  others  in  Aspergillus  niger, 
penicillium  glaucum,  and  in  most  of  the  yeasts.  Little 
has  been  done  in  this  direction  with  bacteria,  but  it  may 
sometimes  be  det(rte(l  in  colonies  of -S.  colt  communis  by 
the  following  auxanographic  method  of  Beijerinck'  of 
great  value  for  the  detection  of  small  quantities  of 
enzyme. 

Take  gelatin  lOfc    in  water,   KXO  3.1fc,KH^  Po, 


.05 /c,  maltose  2f.  Boil  and  then  filtor  ofl'  the  procipi- 
tate  of  Ca,  (PoJ,. 

In  this  make  a  suspension  of  saccharomyces  myco- 
derma,*  and  allow  to  set  in  a  Petri  dish.  Saccharomyces 
mycoderina  does  not  attack  maltose,  produces  no  maltase 
in  fat't,  so  grows  very  slijjhtly  in  this  medium.  If  now 
streaks  of  />.  coli  cnmmnius  arc  made  on  the  surface  mal- 
tase is  secrctcil  and  diffused  into  the  me<lium,  couvrrting 
the  maltose  into  glucose,  which  can  he  assiniilatccl  by 
the  saccharomyces  mycoderma.  This  at  once  begins  to 
grow  and  colonies  of  it  can  be  seen  springing  up  in  those 
parts  of  the  gelatin  lying  below  and  around  the  streaks. 

The  auxanographie  experiments  with  malta-se,  how- 
ever, are  not  always  successful,  since  maltase  is  very 
slightly  diffusible  as  compared  with  amylase.  The 
physiologic'  reason  for  this  appears  to  be  that  starch 
being  insolulile  or  in  colloidal  solution,  it  cannot  be 
taken  into  the  bacterial  cell  as  such,  but  must  first  be 
converted  extracellularly.  Maltose,  on  the  contrary,  can 
be  absorbed  by  the  cell  so  that  the  conversion  can  take 
place  intracellularly,  and  there  is  not  the  same  necessity 
for  diffusion  into  the  surrounding  medium. 

Invertase  converts  the  disaccharid  cane  sugar  into  one 
molecule  of  glucose  and  one  of  fructose. 

Invt'rta--i' occurs  in  large  i|uantities  in  yeast  and  can  be 
easily  extracted  from  this  by  maceration  for  some  hours 
in  chloroform  water  and  filtering  till  clear.  Its  activity 
can  be  tested  by  adding  1  cc.  of  the  extract  to  5  cc.  or  10 
CO.  of  10  fo  solution  of  cane  sugar  and  testing  at  inter- 
vals with  Fehling's  solution  for  the  presence  of  glucose. 

Several  molds  have  been  found  to  secrete  invertase, 
among  them  Aspergillus  niger,  from  which,  however,  it  is 
difficult  of  extraction  until  actual  growth  has  ceased  and 
the  cells  licgun  to  lose  their  vitality. 

Duclaux,  therefore,  grew  Aspergillus  niger  on  a  large 
surface  of  a  mineral  solution  (Raulin's)  containing  cane 
sugar  for  four  days,  at  the  end  of  which  time  he  with- 
drew the  medium  and  replaced  it  by  sterilized  distilled 
water.  The  enzyme  was  then  discharged  into  the  water, 
and  after  filtration  from  the  mycelium  the  extract  was 
found  to  invert  cane  sugar  very  readily.  Probably  this 
afforded  about  as  pure  a  solutio!)  of  an  enzyme  as  has 
been  obtained,  although  Malfitano  finds  that  a  tryptic 
enzyme  is  also  discharged  at  the  same  time. 

*  To  obtain  saccharomyces  mycoderma,  expose  a  glass  of  beer  for  a 
few  days.  A  film  forms  on  the  surface  consisting  chiefly  of  myco- 
derma, which  can  be  isolated  by  plating  out  on  gelatin  made  up  with 
brewer'.s  wort. 


Oil  reiMjatiiig  tliis  experiment  I  found  the  extract 
contained  no  tryptic  enzyme,*  but  there  was  an  appreci- 
able amount  of  amylase.  Invertase,  however,  ffreatly 
predominated.  On  Iwiiling  the  extract  there  was  no 
coagulation,  siiowing  an  ab.sence  of  ordinary  proteid 
material.  Nor  did  the  biuret  te.st  reveal  the  presence  of 
peptones,  so  that  there  was  probably  little  dissolved 
matter  in  the  extract  outside  of  the  enzymes. 

Although  it  is  trciierallv  liehl  tliat  enzymes  are  of  a 


Left.  Kight. 

Fig.  2.— Auxanogniphio  plate.    2  ■<  cane  sugar  with  suspension  of  .Saceh. 

mycoderma.    Transmilt<?d  light  black  background.    Right— Colony 

secreting  invertase  colonies  of  mycoderma  all  around.    Lett— Colony 

not  secreting  invertase ;  no  visil)le  colonies  of  mycoderma. 

proteid  nature  it  i.s  a  fact  that  solutions  can  be  obtained 
which  afford  no  proteid  reactions  and  yet  contain  active 
enzymes.  It  has  been  iioiiited  out  by  Jvencki  and  Sieber 
that  reactions  for  pnitcids  have  their  limitaticnis,  tlie 
biuret  test  not  being  relialjlc  below  one  in  ten  tliousand, 
the  xanthoproteic  below  one  in  a  million,  and  so  on, 

*My  culture  of  Aspergillus  nlger  does  not  appear  to  denote  any 
proteolytic  enzyme.     (See  Table.) 


while  enzymes  can  show  great  activity  even  wiien 
present  in  infinitesinially  small  amounts. 

Another  suj^gested  explanation  is,  that  an  enzyme  is 
a  proteid  molecule  plus  something  else,  the  additional 
molecule  preventing  the  proteid  from  giving  the  usual 
reactions. 

As  is  well  known  to  the  bacteriologist,  some  varieties 
of  B.  coli  communiif  will  form  acid  and  gas  in  cane  sugar 
media  {Coli  communis  commiiuior),  while  others  will  not 
{Coli  communis  veriix).  That  the  gas-forming  cultures 
secrete  invertase  may  be  shown  l)y  the  experiment  with 
saccharomyces  mycoderma  already  dcscrilied,  substitut- 
ing cane  sugar  for  maltose.  Arountl  streaks  of  B.  coli 
communis  cultures,  which  form  gas  in  cane  sugar  media, 
a  growth  of  saccharomyces  mycoderma  will  appear,  no 
such  growth  being  visible  around  streaks  of  cultures 
which  do  not  form  gas  in  cane  sugar. 

Lactase. — Another  disaccharid  lactose  is  converted 
into  glui'ost'  and  galactose  by  lactase,  first  demonstrated 
l)y  Heijcrinck,-  an  en/.yiiic  which  is  secreted  by  all  varie- 
ties of  B.  coli  communis,  but  not  by  typhoid.  The  para- 
colons and  paratyphoids,  which  are  intermediate  between 
B.  coli  communis  and  typhoid,  form  gas  in  maltose  and 
glucose,  but  not  in  cane  sugar  or  lactose  media.  By 
means  of  the  saccharomyces  mycoderma  test  it  can  be 
shown  that  these  secrete  maltase,  but  not  invertase  or 
lactase. 

By  this  method  it  also  appears  that  Aspergillus  niger 
and  Aspergillus  oryzo?  do  not  secrete  lactase,  although 
both  are  great  producers  of  amylase  and  invertase. 

A  red  bacillus  isolated  from  the  air,  forming  a  thick, 
glutinous  growth  on  potato,  was  found  to  convert  lactose 
very  readily,  but  had  no  effect  on  starch  or  cane  sugar. 
The  bacillus  could  not  be  identified  with  any  of  those 
described  in  the  textbooks. 

Inulase. — In  addition  to  starch  the  polysaceharid 
inulin  occurs  as  a  reserve  material  in  most  if  not  all 
tuberous  roots,  and  can  be  converted  into  fructose  by 
inulase,  an  enzyme  first  demonstrated  by  Green  in  1886 
in  the  germinating  tubers  of  the  artichoke. 

Bourquelot'  showed  that  Aspergillus  niger,  that 
unfiiiling  resource  of  the  enzj-me  hunter,  secretes  inulase 
when  grown  in  a  medium  containing  inulin,  and  I  find 
this  to  lie  the  case  if  inulin  is  sulistitiitcil  fur  cane  sugar 
in  the  Duclaux  experiment  already  descrilied.  Asper- 
gillus oryzce,  under  tliese  circumstances,  secreted  no 
inulase,  nor  could  it  be  demonstrated  with  any  bacteria 
by  means  of  inulin  auxanographic  plates. 
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Cytaae. — Cellulose  can  be  liquefied  and  hydrated  to 
sugars  by  means  of  the  enzyme,  cytase,  which  has  been 
shown  to  be  secreted  in  the  aleurone  layer  of  germinat- 
ing grains,  softening  the  cell  walls  so  that  the  starch  con- 
tained in  the  cells  of  the  endosperm  becomes  more  read- 
ily attainable  by  the  ainyhisc  secreted  by  and  diffused 
out  from  the  scutellar  t'i)itb('liiim.  The  accompanying 
diagram  will  explain  the  meaning  of  this. 

Many  molds  wliicli  are    parasitic    in  plants  secrete 


Klg.  3.— Milk   agar    plate.    Anthrax    digested    around    growth.    The 
outer  ring  of  coagulation  does  not  show  on  the  photograph. 


cytase,  softening  and  breaking  down  the  cell  walls,  by 
which  means  tliey  are  i-nahled  to  force  their  way  into 
the  plant  tissues  on  which  they  feed.  De  Bary  in  1886 
first  demonstrated  the  action  of  cytase  in  reziza  scleroti- 
orum,  a  mold  parasitic  on  the  roots  of  carrots  and  tur- 
nips. 

Among  the  bacteria  the  only  ones  which  secrete 
cytase  in  appreciable  amounts,  and  can,  therefore,  attack 
cellulose,   are   certain    of  the  obligate  anaerobics,  and 
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among  these  B(tci/lii.s  butyricus  plays  a  prominent 
part.  This  fact  is  taken  advantage  of  in  places  where 
sewage  is  purified  by  biologic  methods  before  discharg- 
ing it  into  the  water-courses. 

The  purification  is  effected  by  running  the  sewage 
through  tanks  and  coke  beds  where  bacteria  multiply 
and  break  down  organic  substances,  partly  by  means  of 
enzymes  and  partly  by  catalysis. 

The  first  tank,  the  septic  tank,  is  so  arranged  that 
the  action  is  strictly  anaerobic,  and  here  the  cellulose  is 
liquefied  and  hydrated  to  such  an  extent  by  the  enzymes 
of  B.  bufip-icus  and  other  anaerobics  that  in  the  subse- 
quent coke  beds  which  are  conducted  under  aerobic  con- 
ditions the  process  of  further  reduction  to  organic  com- 
pounds can  be  easily  continued  by  the  facultatives  and 
aerobics.  If  it  were  not  for  the  preliminary  anaerobic 
action  the  cellulose  contained  in  paper,  rags,  etc.,  would 
remain  indefinitely  unchanged  and  soon  choke  up  the 
coke  beds. 

The  rotting  of  flax  is  due  to  the  action  of  certain  bac- 
teria. In  this  case,  however,  it  is  not  the  cellulose  of  the 
fibers,  but  the  intercellular  cement  substances,  the  so- 
called  pectic  bodies  closely  allied  to  cellulose,  which  are 
attacked,  being  softened  and  gelatinized  by  the  enzyme 
pectase,  so  that  the  individual  fibers  of  the  fiax  stalks 
become  easily  separable  and  available  for  the  manufac- 
ture of  linen. 

Proteolytic  Enzymes. — In  the  vegetable  kingdom  and 
among  the  lower  animals  the  proteolytic  enzymes 
secreted  appear  to  be  more  closely  allied  to  trypsin  than 
pepsin,  in  that  they  all  are  able,  by  prolonged  action,  to 
carry  the  digestion  of  proteids  beyond  the  peptone  stage 
— purin  derivatives,  leucin,  tyrosin,  and  other  amido 
bodies  being  formed. 

Certain  of  the  vegetable  trypsins  have  been  named 
after  the  plants  in  which  they  occur,  as  bromelin  from 
pineapple  (Chittenden)  and  papain  from  the  papaw  tree, 
but  as  a  group  the  proteolytic  enzymes  may  conveniently 
be  called  proteases. 

Insoluble  and  colloidal  proteids  are  probably  con- 
verted into  soluble  peptones  by  hydration,  although,  as 
Green  points  out,  there  can  be  no  certainty  of  this  since 
we  are  entirely  ignorant  of  the  constitution  of  the  pro- 
teids. 

During  the  purification  of  sewage  the  insoluble  pro- 
teid  matter  is  all  reduced  to  gases,  water,  and  nitrates, 
and  since  the  action  here  is  purely  bacterial  it  is  obvious 
that  the  bacteria  must  secrete  proteases  in  order  to  start 


■Scr./ur  fp,1ktl,> 


lT«rain     o'f  JBarl  e  u 

Looai"*  **  d  i  <r>  a  I     Section  tdiqforonima+ic] 

JEndoaperm— Composed  of  cells  containing  reserve  starch. 

Aleurone  layer— Where  the  cytase  is  chiefly  secreted. 

Scutellar  epithelium— Where  the  amylase  is  chieflj'  secreted. 
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the  process.  In  artificial  purification  of  sewage  the  pre- 
liminary liquefaction  of  the  insoluble  proteids  takes 
place  chiefly  under  anaerobic  conditions  in  the  septic 
tank,  and  it  is  known  to  all  bacteriologists  that  the  com- 
moner anaerobics  liquefy  gelatin  and  blood-serum. 

Of  the  facultative  anacri)liics  many  li(|ucfv  gelatin. 
On  taking  an  old  liquctied  gelatin  culture,  killing  the 
bacteria  by  the  addition  of  a  little  tliynml  or  chloroform, 
and  pouring  into  a  tube  containing  fresh  gelatin,  the 
latter  becomes  liquefied  more  or  less  rapidly.  In  this 
case,  since  the  bacteria  have  been  killed,  the  liquefaction 
must  be  due  to  a  difl'usible  protease. 

That  there  must  be  some  ditferences  between  the  pro- 
teases secreted  by  bacteria  is  shown  by  the  fact  that 
some  of  those  which  liquefy  gelatin  will  also  litiuefy 
blood-serum,  while  others  will  not. 

Others  again,  such  as  Streptococcus  pyogenes,  do  not 
litjuefy  either  gelatin  or  serum  but  can  exercise  a 
hemolytic  action  on  red  blood-corpuscles. 

The  ordinary  liquefaction  of  gelatin  and  serum  need 
not  be  dilated  upon,  but  demonstration  of  proteases  by 
means  of  milk  and  blood  agar  plates  maybe  described. 
Eijckman  has  worked  this  out  very  thoroughly. 

Milk  Plates. — Ordinary  broth  agar,  75%,  and  skim 
milk,  25  '/c ,  are  separately  sterilized,  mixed  at  a  temper- 
ature of  50°  C,  poured  into  Petri  dishes  and,  as  soon  as 
set,  are  streaked  with  various  bacteria.  As  the  latter 
grow  the  streak  may  at  first  become  surrounded  by  a 
thickened  ring,  due  to  curdling  by  rennet  secreted  by 
the  bacteria,  and  later  an  inner  clear  ring  appears  show- 
ing that  the  casein  is  being  digested.  By  using  litnms 
milk  it  can  be  shown  that  the  process  is  entirely  inde- 
pendent of  any  acid  formation. 

Eijckman  found  that  the  bacteria  which  digest  casein 
are  precisely  those  which  liquefy  gelatin,  the  nonlique- 
fiers  having  no  effect  upon  it. 

My  observations  coincide  with  his,  and  I  find  that 
the  agar  from  old  cultures  of  anthrax  and  cholera 
smeared  on  thymol  milk  agar  plates  will  produce  the 
same  results. 

Blood  Plates  for  Hemolysis. — A  flask  of  ordinary  agar 
containing  say  100  cc.  is  melted  and  cooled  to  40°  C. 
To  this  a  little  defibrinated  blood  is  added,  rapidly 
mixed,  and  the  agar  poured  into  Petri  dishes.  The 
blood-corpuscles  remain  intact  so  long  as  the  agar  is 
moist.  On  the  surface  streaks  are  made  as  with  milk 
plates. 

Eijckman  found  that  destruction  of  the  ^blood-cor- 
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puseles  did  not  proceed  pari  passu  with  liquefaction 
of  the  gelatin.  On  smearing  a  thin  sheet  of  gelatin  (iver 
the  agar,  contiguous  to  the  streak,  it  was  observed  that 
anthrax  would  begin  to  destroy  the  blood-corjmseles 
before  the  gelatin  became  liquefied,  while  with  cholera 
the  reverse  obtained.  From  these  and  other  similar 
observations  he  concluded  that  the  tryptic  and  hemo- 
lytic enzymes  are  not  identical. 

Among  those  bacteria  which  do  not  liquefy  gelatin  I 
find  that  B.  coli  coinmunix,  typhoid,  and  Slrcjit'ii'occiis 
pyogenes  will  destroy  human  and  rabbit  blood-cor- 
puscles suspended  in  agar.  The  action  of  the  two 
former  seems  a  little  uncertain,  but  the  streptococcus 
always  exerts  a  hemolj-tic  action,  though  rather  slowly. 
It  is  usually  48  hours  before  the  clear  ring  around  the 
growth  appears,  but  from  then  on  is  steadily  progressive, 
attaining  a  width  of  -1—5  mm.  in  four  or  five  days. 
That  some  bacteria  which  do  not  liquefy  gelatin  at  all 
can  exercise  a  hemolytic  action  is  another  argument  in 
favor  of  the  nonidentity  of  bacterial  hemolysins  and 
ordinary  proteases. 

Streptococcus  pyogenes  appears  even  to  have  some 
hemolytic  power  in  vivo.  Both  Bordet  and  Besredka 
have  observed  that  in  rabbits  injected  with  a  virulent 
culture  there  is  laking  of  the  blood  just  before  death. 
Other  bacteria  which  can  be  shown  to  exert  a  hemolj-tic 
action  in  vitro  do  not  appear  to  have  this  power /«  vivo. 

The  hemolytic  principle  is  diifused  out  from  the  bac- 
terial cells  into  the  culture  media  and  in  fluid  media 
can  be  separated  from  the  cells  by  filtration.  In  this  way 
staphylolysin  (Neisser  and  Wechsberg),  tetanolysin 
(Ehrlich),  typholysin  (Levy  and  Levy),  and  other  lysins 
have  been  isolated.  Streptolysin,  however,  does  not 
appear  to  be  so  diflusible,  and  Besredka  was  only  able  to 
separate  it  by  special  methods. 

Special  Methods. — It  is  a  question,  however,  how  far 
the  hemolytic  power  of  bacterial  filtrates  and  cultures  is 
in  reality  due  to  ferment  action.  Levaditi  has  quite 
recently  shown  that  extracts  of  animal  tissues  quickly 
made  possess  very  slight  or  no  hemolytic  power.  This 
power  when  it  exists  is  due  to  a  therniolahile  (/.  e.,  non- 
resistant  to  (i(i°  C.)  ferment-like  henmlysin.  If  the  pro- 
ce.ss  of  extraction  be  prolonged  the  hemolytic  power  is 
greatly  increased,  but  this  additional  hemolytic  principle 
is  thermostaljle,  cannot  be  destroyed  even  by  boiling, 
and  is  due  to  the  presence  of  amido  acids,  etc.,  products 
of  autodigestion,  which  destroy  the  blood  cells  by  simple 
chemical  action. 
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On  readinj;-  thp  various  reports  of  experiments  on 
bacterial  lysins  with  tills  idea  in  view  it  strikes  one  that 
in  many  instances  their  action  might  be  explained  in  a 
similar  way. 

Our  blood  agar  plates  then  will  show  us  which  bac- 
teria can  destroy  blood  cells,  but  they  will  not  tell  us 
whether  the  destruction  is  due  to  a  hemolytic  enzyme 
secreted  by  the  bacteria  or  to  certain  of  their  simple 
crystallizable  by-products. 

In  all  probability  further  investigation  will  show 
that  the  hemolj'tic  properties  of  the  nonliquefying  bac- 
teria are  due  to  the  latter,  and  it  is  signiiicant  tliat  coli- 
lysin  and  typholysiu  are  said  to  be  tlifpniostalile, 
while  tetanolysin  and  staphylolysin  are  tlierniolabile 
(Kayser). 

Egg  Albumen. — On  dissolving  A<fc  or  bfo  of  white  of 
egg  in  agar  cooled  to  a  temperature  below  that  at  which 
the  eg^  albumen  coagulates  and  plating  out  the  medium 
appears  slightly  opalescent.  If  the  surface  is  streaked 
with  various  bacteria,  some  will  clear  up  the  agar  for 
several  niilliiucters  beyond  the  growth,  and  on  heating 
the  plates  over  a  Hame  the  egg  all)umen  will  coagulate 
and  become  quite  opaque,  except  where  it  has  been 
digested.  Fibrin  rubbed  down  fine  and  suspended  in 
agar  is  digested  by  most  of  the  liquefiers. 

The  accompanying  tables  have  been  compiled  from 
my  own  observations,  principally  on  agar  plates : 


Enzymes  Hvdrating  Carbohydkates. 


Anthrax 

Cholera  

Coli  communis 

Typhoid 

Diphtheria 

Staph,  pyogenes  aureus.. 

Lactis  aerogenes 

Pyocyaneus 

Vlolaceus 

Mycoides 

Prodisio-ns,  

Saccli^in.iii\ , ^ -  inLM-r 

Sacclim    I lormi 

Aspor;;!!.!.-  li.j 

Asperaillu.-,  ui.n/.,l  
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Pboteolttic  Enzymes  Dioestinq 


1  Anthrax 

2  Cholera 

3  CX>li communis 

4  Staph,  pyogenes  aureus.. 

5  Streptococcus  pyogenes.. 

6  Pyocyaneus 

7  Violaceus..  

8  Mycoides 

9  Prodiglosus 

10  Aspergillus  nlger 

11  Aspergillus  oryzce 

PhotogriiphK.—\  (natural  size).  Aspergillus  oryzo?  on  starch 
agar  plate  treated  with  iodin.  Transmitted  light.  White 
background.    A  clear  ring  surrounds  the  central  growth. 

2.  Auxanographic  plate,  2^0  of  cane  sugar  with  suspension 
of  saccharoinyces  niycoderina.  Transmitted  light.  Black 
background. 

Right:  Colony  secreting  invertase.  Colonies  of  myco- 
derma  all  around. 

Left :  Colony  not  secreting  Invertase.  Xo  visible  colonies 
of  mycoderma. 

3.  Milk  agar  plate.  Anthrax.  Digested  around  growth. 
There  is  not  sufficient  contrast  in  milk  agar  plates  to  enable  a 
clear  photograph  to  be  taken. 
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CONSTRUCTION  OF  THE  PROTEID  MOLECULE. 

BV 

B.  H.  BUXTON,  M.D., 

Cornell  Medical  College, 
Ithaca,  N.  Y. 

The  following  is  ;ui  attempt  to  set  forth  in  a  semipop- 
ular  way  the  more  recent  ideas  of  the  German  school,  as 
represented  by  Hofiueister,  of  Strasburg,  with  regard 
to  the  construction  of  the  proteid  molecule. 

To  the  physiologic  chemist,  of  course,  these  ideas  are 
well  known,  but  to  the  general  run  of  the  medical  pro- 
fession they  are,  for  the  most  part,  still  a  sealed  book. 
They  were  so,  at  any  rate,  to  me  until  I  recently  took  a 
private  course  of  instruction  In  Hofmeister's  laboratory 
with  Dr.  Karl  8piro. 

By  a  student  with  some  previous  knowledge  of 
theoretic  chemistry,  coming  fresh  to  the  work,  I  have 
an  impression  that  the  theories  can  be  more  clearly 
explained  than  by  one  who  has  been  familiar  with  the 
subject  from  its  inception  and  therefore  less  able  to 
appreciate  the  difficulties  in  the  way  of  a  right  under- 
standing at  tlie  start. 

So  much  by  way  of  apology  for  the  attempt. 

The  endeavor  to  solve  the  mysteries  of  the  proteid 
molecule  by  means  of  ultimate  analysis  has  long  been 
abandoned,  but  it  has  gradually  come  to  be  recognized 
that  the  molecule  contains  a  number  of  definite  nuclei, 
which  can  be  split  off,  more  or  less  intact,  from  the 
original  molecule,  and  it  is  by  a  study  of  these  nuclei 
and  the  manner  in  which  they  are  combined  that  a 
solution  f)f  the  prolileiii  may  ultimately  be  attained. 

The  various  luu-lci  can  lie  obtained  l)y  hydrolysis  of 
the  original  molecule,  and  hydrolysis  can  be  eti'ected  by 
boiling  with  diluted  acids,  or  better  by  digestion  with 
proteolytic  enzymes,  more  particularly  trypsin.  The 
point  is  to  apply  methods  sufficiently  drastic  to  resolve 
the  proteid  molecule  into  its  component  nuclei  without 
injury  to  the  latter. 

For  reasons  wliicli  need  not  be  entered  into  it  is 
roughly  estimated  that  the  average  molecular  weight  of 
a  proteid  may  amount  to  about  15,000,  and  the  average 
molecular  weight  of  the  individual  nuclei,  which  can  be 
split  off,  may  be  taken  at  about  120.  Very  roughly 
.speaking,  therefore,  there  would  be  about  120  nuclei  in 


eac-h  molecule.  The  number  of  different  nuclei  known 
at  present  is  about  2(t,  and  there  may  be,  and  probablj' 
are,  others  which  await  discovery.  It  is  certain,  how- 
ever, that  each  molecule  may  contain  inore  than  one 
nucleus  of  the  same  kind,  and  some  of  the  nuclei  in 
much  lar{?er  proportions  tliaii  others.  The  leucin  nucleus, 
for  instance,  i'^  found  in  most  proteids  to  occur  much 
more  numerously  than  any  of  the  other  nuclei  and  the 
luoiioamino  acids  in  jjeneral  more  numerously  than  the 
diamino  acids.  A^^ain,  certain  nuclei  which  are  present 
in  some  proteids  may  be  absent  in  others,  but  the  mono- 
amino  acids  are  always  represented. 

The  principal  nuclei  known  are  as  follow  : 

I.— MoNOAMiNo  Acids. 
a.  Monobasic. 

1.  Glycoeoll  (amiuoacetic  acid)  CsHsNO-; 

2.  Alauiu  (auiiuopropionic  acid)  CnHiNO; 
.3.  Leuciu  (aminocaproic  acid)  CeHuiNO; 

li.  Dibasic. 

1.  Asparaginic  acid,  CiHtXO^ 

2.  Glutaminic  acid,  CV.H'jNO) 

II.— Diamino  Aoins. 

1.  Ornithin  (diaminovalerianic  acid)  CoHi/NsOa 

2.  Lysin  (diamiuocaproic  acid)  CsHuNaOj 
III.— Glucosamix,  CciHiaXOi 

IV. — Cystein  (tliioaminolactic  acid)  C3HTNO2S 
V. — IsocYCLic  Series. 

1.  Phenyl  alanin,  C9H11NO2 

2.  Tyrosin  (Oxyphenyl  alanin)  CuHuNO.i 
VI.— Hetbrocy-ci-tc  Series. 

a.  Indol  Oroup. 

1.  Indol,  CsHtX 

2.  Skatol,  ('.1H9N 

3.  Tryptojjhan,  CiiHi-.N-iO^ 

b.  Pyrimidin  Group. 

1.  Histidin,  CgH^jNsO: 
Two  points  may  here  he  noted  : 

1.  The  nuclei,  with  a  few  unimportant  exceptions 
which  need  not  be  considered,  contain  nitrofjen. 

2.  The  NH2  j^roup  in  the  monoamino  acids  is  always 
in  the  alpha  position,  /.  e.,  attached  to  the  C  next  to  the 
acid  group.  In  the  diamino  acids  one  of  theNH^  groups 
is  always  in  this  position.  This  fact  is  of  importance  for 
the  theory  with  regard  to  the  construction  of  the  proteid 
molecule. 

In  considering  the  means  by  which  the  nuclei  may 
he  combined  certain  conditions  must  be  comi)lied  with. 

1.  The  nuclei  must  be  linked  together  in  such  a  way 
that  they  are  capable  of  being  separated  by  hydrolysis, 
since  it  is  by  hydrolysis  that  they  are  obtained. 


H 


2.  They  must  be  linked  in  such  away  that  the  result- 
ing molecule  docs  not  acquire  very  pronounced  acid  or 
basic  charactiTs.  The  jiroteid  molecule,  like  tlie  amino 
acids  of  wiiicli  it  is  princiiially  composed,  lias  a. Janus  face. 
It  is  sli!j;litly  acid  on  account  of  one,  or  not  more  than  a 
few,  COOH  groups,  and  at  the  same  time  slightly  basic 
on  account  of  one,  or  not  more  than  a  few,  NH,,  groups. 
The  arrangement  must  be  such  that  neither  of  these 
groups  predominates  over  the  other. 

There  are  three  principal  ways  in  wliich  the  nuclei 
can  be  linked  together : 
(A)    =C  — C=        (B)    =C  — O  — C=        (C)    SC  — NH  — C  = 

^  C  —  O  —  N  ^  may  be  thrown  out  at  once,  since  R  —  COOH 
+  NH2  — R  would  always  produce     R  — CO -NH  — R+ H2O 

so  that  O  can  never  hold  an  intermediate  position  between 
C  and  N.  _ 

A.  =C  —  C=.    Two  possible  combinations. 


EXAMPLES. 


COOH 
I 
CHNH. 

+  H 
("H 
I 

COOH 
Asparaginic  acid 


IMPOSSIBLE. 

No  hydrolysis  is  possible,  so 
it  does  not  comply  with  the 
first  condition. 


POSSIBLE. 

But  implies  numerous  ke- 
tone groups  and  no  enzymes 
are  known  which  can  split  a 
ketone,  so  the  combination  is 
improbable.  Although  in  this 
case  there  would  be  an  excess 
of  NH2  groups  their  basic 
character  would  be  neutral- 
ized. 

B.  =C  —  O  — C— .    Two  possible  combinations 


EXAMPLES. 


II. 


CHNH2     CHNH. 

I 


(CH2)3 

I 

CHs 
Leucin 


CH2 
I 

COOH 
Asparaginic  acid 


Acid  anhydrid 


CO 

I 
CHNH2 

I 
(CH.).i 

I 

CH» 

Leuciu 


CH2 

I 
CHNH2 

I 
COOH 

Tyrosin 
Ester 


Imi'ossiulk.  Conceivable. 

A  combination  which  would  But  could  only  occur  rarely, 

be  unstable  and  lead  to  strong-  as  except  for  tyrosin  there  are 
ly  basic  characters,  so  does  no  alcoholigroups  in  the  nuclei, 
not  comply  with  the  second  If  the  tyrcsin  were  combined 
condition.  in  this  waj'  the  proteid  mole- 

cule would  not  give  Milloa's 
reaction  which  is  due  to  a  free 
|>H  group  on  an  isocyclic 
ring. 

C.    — C  —  NH — C=.    Two  possible  combinations: 

EXAMPLES. 


COOH 

I 

CH NH 

I 
(CHO.-. 


COO  II 

I 

CH 

CH- 
I 

COOH 
Asparaginic  acid 


(CH..)5 
CH3 


IMPOSSIBLE. 


CO 

i 

CH2      +H2O 

I 
CHNH2 

1 

COOH 
Leucin  Asparaginic  acid 

THE  BEST. 

Stands  the  two  conditions 
and  is  probable  for  other  rea- 
sons. 


No  hydrolysis  possible  and 
would  lead  to  strongly  acid 
characters,  so  complies  with 
neither  condition. 

Reasons  for  supposing  the  C,II  combination  to  be  the 
most  probable : 

I. — Action  of  nitrous  acid  on  the  proteid  molecule 
a.  If  NHs  groups  are  treated  with  HNO;  the  result  is: 

R  — C—  N  HH 

=  R  — C0Ht-N«-|-H20 
-l-HONO 

There  is  a  release  of  nitrogen. 

6.  If  NH  groups  are  treated  with  HNO2  the  result  is : 
R  — C  =  N  H 

=  R  — C  =  N  — N  =  0  +  H-2O 
+      ON  OH 

There  is  no  release  of  nitrogen,  but  formation  of 
nitroso  combinations. 

On  treating  proteids  with  HN(\  there  is  verj^  little 
release  of  nitrogen,  implying  a  scarcity  of  NH^  groups. 

Paal  found  that  on  treating  glutin  peptone  with 
HNOj  nitrosamins  were  formed,  implying  the  presence 
of  NH  groups. 


II. — The  Biuret  Reaction.  For  the  biuret  reaction 
certain  special  dispositions  of  the  ('  groups  with  a  free 
NH,  group  are  required,  and  tliese  are  afforded  by  the 
C,  11  combination.  The  A, I  combination  would  also  give 
them,  but  in  this  case  there  would  be  such  a  large  num- 
ber of  free  NH^  groups  that  there  would  be  as  many 
coniliiiiatioii.s  in  the  original  molecule  to  aflford  the 
reaction  as  in  the  intermediate  albumoses  and  peptones. 
The  reaction,  however,  goes  on  increasing  in  intensity  so 
long  as  the  latter  are  being  formed,  and  this  is  exactly 
what  would  happen  with  the  =C — NH — C'=  combina- 
tion, since  there  would  be  a  constant  accession  of  free 
NHj  groups  as  hydrolysis  progressed. 

On  treating  proteid  with  HNO,  the  molecules  are 
hardly  att'ected  as  regards  their  total  N  content,  but  lose 
their  power  of  affording  the  biuret  -i-eaction.  This 
means  that  the  Nil ,  groups  which  are  destroyed  by  the 
HNO2  must  be  comparatively  few  in  number. 

III. — Amino  Acids  hare  a  Tendency  toward  Conden- 
sation in  this  Maimer,  Curtius  synthesized  a  base  which 
gave  the  biuret  reaction  and  could  be  hydrolysed  by 
trypsin.  The  base  was  found  to  be  an  ethyl  ester,  con- 
taining 7  glycoeoU  nuclei  joined  by  means  of  their 
COOH  and  NH,  groups. 

H2N  —  (CHj  — NH  —  t'OoCHj .  CO  .  O  .  C2H5 

The  bracketed  portion  of  this  may  be  partially  detailed. 

HO  H  HOiH  HO  H 

—  NH  —  CH  .  CO  —  NH  —  CH  .  CO  -^!nH  —  CH  .  CO—  NH  — 

I  I  '  I  ■ 

H  H  H 

The  dotted  lines  show  where  synthesis  occurred  and  wliere 
splitting  would  occur  on  hydrolysis. 

IV. — Similar  Syntheses  Occur  ^Hn  Vivo."  On  feed- 
ing benzoic  acid  it  combines  with  glycocoll  and  appears 
in  the  urine  as  hippuric  acid. 

C6H5COOH  +  CH.NH2 .  COOH  = 

CeHs .  CO  —  NH  .  —  CH-.. .  COOH  +  H2O 

In  this  case  the  combination  occurs  between  the 
COOH  and  NH,  groups. 

It  appears  then  more  than  probable  that  linkage  of 
the  various  nuclei  occurs  by  means  of  the  N,  and  bear- 
ing in  mind  that  in  the  amino  acid  nuclei  the  NH, 
group  LS  always  in  the  alpha  position,  we  can  construct  a 
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portion  of  a  i)rotei(l  molecule  its  follows,  the  dotted  lines 
showing  where  hydrolysis  can  occur: 

HO  H  IIOH 

— NH  —  ClI  .  CO  —  N 1 1  —  CH  .  ('<  I  —  N  II  — 

I  I 

(CHj)j  Clh 

Clln  (;,iH40H 

I.  I.eiulii  2.  Tyrosiu 

HO  H  HO  H 

t'H  .  CO  —  NH  ,  —  CH  .  CO  —  N  H  — 

I  I 

CH2  (CH2)3 

I  I 

COOH  CHsNHv 

:1.  Asparaginic  at-id  •  4.  Lysin 

There  is  thfli  a  main  chain  and  a  number  of  side 
chains.  If  the  side  chains  are  cut  oft' and  replac€'d  hy  H 
the  chain  appears  as  follows  : 

HO  H  HO  H 

—  XH  —  CH  .  CO  -  NH  —  CH .  CO  —  NH  — 

I  I 

HO  H  HO  H 

CH  .  CO—  NH  —  CH  .  CO  —  NH  — 

I  I 

H  H 

or  the  detailed  portion  of  the  Curtius  base  over  again, 
and  it  becomes  obvious  that  the  whole  thing  may  be 
regarded  as  a  substituted  glycocoU  chain  ;  the  substitut- 
ing side  chains  being  in  the  case  in  point :  I.  Butane. 
2.  Methyl  paraoxybenzene.  3.  Acetic  acid.  4.  Butyl- 
amin. 

Surmising  then  that  the  molecule  consists,  for  the 
most  part  at  any  rate,  of  a  main  glycocoU  chain  with  a 
series  of  free  swinging  chains,  none  of  which  by  the  way 
is  very  long,  it  may  be  asked  in  what  way  is  this  of 
interest  to  the  physiologist.  There  are  certain  infer- 
ences which  can  be  drawn  from  the  theory,  which  help 
to  explain  the  processes  of  metabolism  in  the  body. 

If  proteids  are  treated  with  permanganate  there  is 
oxidation  but  no  hydrolysis.  In  this  case  certain 
peroxyprotacids  arise,  complicated  acids  which  give  the 
biuret  test.  Such  acids  are  very  easily  split  up  and 
afford   ammonia,  some  glycocoU,  but  above  all  oxalic 

'It  win  be  understood  that  the  tyrosin  and  asparaginic  acid  are 
linked  together. 


acid.    There  is  here,  according  to  the  theory,  no  hydro- 
lysis of  the  main  chain,  but  the  side  chains  are  gradu- 
ally whittled  away  by  oxidation. 
I.— 

—  NH  —  CH .  CO  —  NH  —  i;U  .  t'O  —  N 1 1  —  t;U  .  CO  —  NH  — 

I  I  I 

CA'c.  Cite.  VAc. 

Leucin  Tyrosiu  L.ysin. 

II.  By  oxidation  we  get : 

—  NH  —  CH  .  CO  —  NH  —  CH  .  CO  —  NH  —  CH  .  CO  —  NH  — 

I.I  I 

COOH  COOH  COOH 

III.  The  CH  groups  of  the  main  chain  are  next  oxi- 
dized and  COj  is  split  off  so  the  chain  appears  as  : 

—  NH.CO.CO  — NH  — CO.CO  — NH  — CO.CO  — NH  — 

IV.  Such  a  combination  would  be  unstable  and 
would  split  up  by  hydrolysis  of  itself  without  any  stim- 
ulus in  the  shape  of  a  ferment  and  become 

(CONH2 .  COOH)n  =  amino  oxalic  acid. 

V.  Amino  oxalic  acid  readily  hydrolyses  to  o.xalic 
acid. 

CONH2 .  COOH  +  H2O  =  COOH  .  COOH  +  NHi 

Such  parts  of  the  main  chain  as  had  not  undergone 
the  final  oxidation  would  appear  as  glycocoll. 

This  scheme  of  grouping,  therefore,  explains  the 
products  of  pure  hydrolysis  on  the  one  hand  and  of  pure 
oxidation  by  permanganate  on  the  other. 

In  the  body,  liydrolysis  and  oxidation  go  on  hand  in 
hand,  so  that  ilie  main  chain  can  lie  liydrolyscd  and  the 
side  chains  ox idi/A'd  to  suit  the  needs  of  tlie  organism, 
and  glycocoll  might  be  one  of  the  chief  products.  It 
seems  curious  that  neither  glycocoll  nor  any  otlier  prod- 
uct intermediate  between  proteid  and  urea  is  ever 
found  in  fresli  tissue  or  organs,  but  such  products  would, 
in  any  event,  lie  present  in  very  small  amounts,  and 
presumably  when  once  a  proteid  niolecuh"  begins  to 
break  up,  its  remains  are  very  s|)('cdily  ilisposed  of. 
That  glycocoll  is  available  when  neede(i  is  shown  by  its 
attaching  itself  to  benzoic  acid  to  form  hippuric  acid. 

Hofmeister  shows  how  glycocoll  may  be  made  avail- 
able.    Taking  Table  II  of  the  oxidation  series  we  find  : 

HO  H  HO  H  HO  H 

—  NH  —  CH  .  CO  —  NH  —  CH  .  ( *()  —  N  H  —  CH  .  CO  —  NH  — 

I  II' 

COOH  COOH  COOH 


If  hydrolysis  occurs  at  this  point  we  have  a  number 
of  amino  malonic  acid  nuclei  (COOII.  CHXH...  COOH), 
and  amino  malonic  acid  very  easily,  by  slight  warming 
even,  splits  into  glj-cocoU  and  t'()„. 

(■0(11I .  CIIXH; .  conn  -=  COOH  .  CH:NH;  ;   CO: 

(Jlycocoll,  according  to  llofmeister,  can  readily  be 
oxidi/ed  to  urea,  NH,  being  annexed  at  the  same  time. 
It  is  well  known  that  XH,  is  being  constantly  liberated  in 
certain  organs,  e.  g.,  the  liver,  although  it  does  not  leave 
the  body  as  such,  but  as  urea.  Glycocoll  and  NH,  are, 
therefore,  constantly  available,  and  what  happens  may 
be  represented  by  the  formula : 

CHcNHs .  COOH  +  NHs  +  30  =  CO(NH.)-  +  C0=  +  2H.O 
Glycocoll  Urea. 

Summarizing  then  we  have  as  products  : 
In  pure  hydrolysis,  amino  acids. 
In  pure  oxidation,  oxalic  acid. 

In  mixed  hydrolysis  and  oxidation,  glycocoll  and  lin- 
ally  urea. 

It  is  not  of  course  intended  to  imply  that  all  combi- 
nations between  the  nuclei  occur  in  this  manner,  but 
only,  in  all  probability,  the  large  majority  of  them.  At 
least  one  exception  is  known,  that  of  arginin  which  is  a 
combination  of  guanidin  and  ornithiu. 

IIN  =  C(NH:)«  +  CH:NH; .  (CH:;).. .  CHXHj .  COOH 
Guanidin  Urnithin. 

=  HX  =  CXH=  — XH  — CH-.  (CHs)..  CHNHj.  COOII  4-NHj 
Arginm. 

Here  the  synthesis  occurs  without  loss  of  H/)  and 
consequently  arginin  is  not  split  uj)  by  hydrolytic  action. 
On  hydrolysis  ornithin  and  guanidin  are  not  found  a.s 
such  among  the  final  products  but  as  arginin.  It  will  be 
noticed  however  that  this  combination  does  not  affect 
the  glycocoll  end  of  the  molecule  which  could  attach 
itself  to  the  main  chain  in  the  ordinary  way,  the  only 
difference  Ijeing  that  in  this  case  we  have  a  binary  com- 
pound swinging  from  the  main  chain  instead  of  a  single 
nucleus. 

Such  in  brief  is  the  theory  ;  a  theory  which,  however 
imperfect  and  capable  of  modification,  does  certainly 
appear  to  throw  some  light  upon  the  construction  of  the 
proteid  molecules  and  the  way  in  which  they  may  be 
utilized  by  the  organism. 


//■ 


A    CASE    OF    SEPtlCEiMIC    GLANDERS    IN    THE    HUMAN 
SUBJECT.' 

Wakren  Coleman,  M.D.,  and  James  Ewing,  M.D. 
{Cornell  University  Medical  College,  A^e^o  York  City.) 

The  comparative  rarity  of  the  occurrence,  or  at  least  of 
the  recognition  of  glanders  in  the  human  subject,  and  the 
somewhat  remarkable  features  of  this  case,  seem  to  warrant 
the  detailed  report  of  the  study  of  a  case  of  glanders  ex- 
amined by  the  writers  in  September,  1901.  This  case  is  the 
fourth,  according  to  the  records  of  the  Health  Department, 
that  has  occurred  in  New  York  City  since  1888,  viz.,  one  in 
1888,  one  in  I893,  and  one  in  1899;  but  Park  failed  to 
obtain  the  glanders  bacillus  from  the  material  of  the  third 
case,  and  believes  that  it  was  really  not  glanders. 

CLINICAL    HISTORY. 

John  E.  D.,  aged  36  years,  hostler,  and  occasional  "  veterinary  sur- 
geon" by  occupation,  was  admitted  to  Belleviie  Hospital,  Aug.  24,  1901. 
Three  weeks  previously  the  patient  had  been  bitten  by  a  horse,  said  to 
have  "distemper,"  on  the  third  finger  of  the  left  hand.  The  wound  sup- 
purated, was  treated  by  a  physician,  and  healed  after  ten  days.  The 
patient  had  no  constitutional  symptoms  until  the  wound  had  healed,  or 
about  ten  days  before  admission.  So  far  as  could  be  elicited  from  him  or 
his  friends,  there  had  been  no  involvement  of  the  lymph  nodes  of  the 
arm. 

The  illness  began  with  headache,  disinclination  to  e.xertion,  vague  mus- 
cular pains  in  the  back  and  legs,  loss  of  appetite,  and  diarrhea.  There 
was  neither  chill,  epistaxis,  nor  cough.  The  patient  grew  progressively 
weaker,  and  sought  admission  to  the  hospital. 

August  litth. —  Physical  Examinntion  by  Dr.  G.  C.  Buck. —  The  palient 
is  well  nourished  and  muscular.  The  face  is  flushed  and  apathetic ;  the 
eyes  are  suffused  and  dull.  The  tongue  is  coated  over  the  centre,  red  at 
the  tip  and  edges,  and  markedly  tremulous.  The  pulse  is  88,  regular,  of 
good  force,  and  compressible;  the  temperature  is  104.6°. 

The  heart  is  normal  in  size,  the  sounds  are  of  fair  quality  and  unaccom- 
panied by  murmurs.  There  is  no  abdominal  distention  or  tenderness.  A 
few  rose-colored  spots,  somewhat  similar  to  those  of  typhoid   fever,  are 
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present  over  the  upper  part  of  the  abdomen.  The  liver  is  normal  in  size. 
The  spleen  is  not  palpable,  but  the  area  of  splenic  dullness  is  slightly 
enlarged.     The  wound  of  the  finijer  is  completely  healed. 

.■Ui^iist  2-,lh. —  The  patient  is  more  apathetic,  and  at  times  slightly 
delirious.  A  tender  fluctuating  swelling  ha.s  developed  in  the  middle  outer 
anterior  aspect  of  the  left  leg.  The  overlying  skin  is  red.  The  "rose 
spots"'  on  the  abdomen  are  more  numerous,  and  some  are  distinctly 
raised  above  the  surface. 

August  26t/t. —  The  patient  is  very  talkative,  and  at  times  actively  delir- 
ious. The  swelling  on  the  left  leg  has  grown  larger.  About  6  oz.  of 
thick,  grayish,  blood-streaked  pus  is  discharged  after  incision.  Some 
of  the  "rose  spots"  on  the  abdomen  have  become  distinctly  papular,  and 
a  few  small  papules  have  appeared  on  the  forehead,  face,  chest,  and  back. 
A  swelling  which  does  not  fluctuate  has  developed  in  tlie  middle  third  of 
the  left  forearm.     The  leucocyte  count  is  13,000. 

August  2-/t/i. —  The  general  condition  of  the  patient  is  unchanged. 
There  is  very  little  discharge  from  the  abscess  of  the  left  leg.  The  swell- 
ing in  the  left  forearm  fluctuates.  About  4  oz.  of  pus  is  evacuated  by 
incision.  Microscopic  examination  of  the  pus  shows  cocci  only.  A  few 
of  the  papules  previously  noted  have  become  pustular.  New  papules  have 
appeared  in  the  same  regions.  About  this  time  the  patient  began  to 
emaciate  rapidly. 

August  2St/t. —  The  patient  is  delirious  most  of  the  time  and  is  decidedly 
weaker.  There  is  almost  no  discharge  from  the  abscesses.  Several  new 
abscesses  are  present  to-day  —  one  in  the  right  forearm,  fluctuates,  overlying 
skin  normal;  one  in  the  outer  part  of  left  thigh,  three  inches  above  the 
knee-joint,  does  not  fluctuate  ;  one  in  the  outer  middle  third  of  the  right 
leg  fluctuates  and  is  red  and  tender.  The  patient  has  developed  a  short, 
hacking,  non-productive  cough.     Widal's  reaction  is  negative. 

August  2gi/i. —  The  delirium  continues.  The  patient  is  oblivious  to  all 
that  happens  around  him.  Some  of  the  pustules  have  been  ruptured  by 
the  nurse  in  washing  the  patient,  and  are  excavated.  Some  appear 
umbilicated. 

August  ^ot/t.  The  patient's  general  condition  is  much  worse.  Xumer- 
ous  subcrepitant  and  mucous  rales  are  heard  over  both  lungs.  The  breath 
sounds  are  roughened  (the  patient  talks  constantly,  preventing  a  satis- 
factory e.\amination) .  The  papules  and  pustules  are  much  more  numerous. 
About  3  oz.  of  thin  grayish  pus  is  obtained  from  the  abscess  of  the 
right  forearm.     The  leucocyte  count  is  again  13,000. 

August  2  i St. —  The  patient  is  very  weak,  and  has  a  low,  muttering 
delirium.  The  eruption  is  more  abundant.  Smear  preparations  made 
from  the  pustules  contained  cocci  and  a  few  bacilli  possessing  the  mor- 
phological characters  of  B,  mallei.  Cultures  were  made  from  several  pus- 
tules and  an  abscess,  and  5  c.c.  of  blood  was  taken  from  a  vein  at  the  bend 
of  the  elbow  for  bacteriological  examination. 

September  \st. —  Death  occurred  at  7.45  a..m. 
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The  abscesses  wliich  developed  in  tlie  extremities  showed 
a  remarkably  symmetrical  distribution.  All  of  them  were 
deeply  seated,  and  for  the  most  part  without  signs  of  inflam- 
mation in  the  overlying  skin.  The  pus  flnwed  rcadih'  from 
the  abscess  cavities,  was  of  a  dirty  grayish  color,  and  often 
blood-streaked.  It  contained  very  few  organisms,  and  at  the 
first  examination  only  cocci  were  found.  The  abscess  cavi- 
ties did  not  have  a  pyogenic  membrane.  The  pus  formed 
within  the  muscles,  but  ruptured  through  them  and  spread 
along  their  sheaths  for  variable  distances.  The  abscess  in 
the  lov/er  part  of  the  left  thigh  had  burrowed  nearly  into  the 
knee-joint.  Practically  no  reaction  took  place  in  the  inci- 
sion wounds.     The  abscess  cavities  remained  nearly  dry. 

The  eruption  appeared  about  the  eighth  or  ninth  day  of 
the  disease  as  a  few  macules  scattered  over  the  anterior  ab- 
dominal wall.  They  resembled  in  some  respects  the  "  rose 
spots  "  of  typhoid  fever.  It  was  demonstrated  that  some  of 
the  early  macules  disappeared  without  reaching  the  papular 
stage,  as  several,  identified  by  surrounding  them  with  an 
indelible  pencilmark,  had  left  no  trace  at  subsequent  exami- 
nation. By  far  the  majority  of  them  developed  into  papules 
which  subsequenth'  became  pustular.  The  eruption  came 
out  slowly  at  first,  then  with  great  suddcni\ess,  almost  o\-cr 
night  numerous  papules  and  pustules  appeared  on  the  fore- 
head, face,  chest,  and  upper  part  of  the  abdomen.  While 
the  eruption  was  chiefly  confined  to  these  situations,  scattered 
lesions  were  found  over  the  scalp,  arms,  and  back.  During 
the  early  part  of  the  disease,  the  change  from  macule  to 
papule  and  pustule  proceeded  slowly,  occupying  two  or 
three  days,  but  later  the  transition  was  measured  by  hours. 
The  individual  lesions  were  acuminate  papules  or  pustules 
situated  on  a  hyperemic  base,  which  became  anemic  after 
death.  VVoodhcad,  in  Allbutt's  system,  states  that  the  base 
is  sometimes  anemic  during  life. 

Many  of  the  lesions  ruptured  spontaneously  or  from  trau- 
matism and  were  then   umbilicated,  but  during  life  and  after 
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death  many  of  the  unruptured  pustules  were  distinctly  umbili- 
cated.  The  majority  of  the  small  lesioiis,  however,  were 
acuminate.  The  individual  lesions  resembled  the  pustules 
of  variola,  but  were  less  numerous,  most  of  them  were  acumi- 
nate, and  their  comparative  scarcity  on  the  face  left  no 
ijround  for  confusing  the  disease  with  variola.  Most  of  the 
lesions  were  discrete,  but  in  several  localities  there  was  more 
diffuse  involvement  of  the  derma  where  the  papules  and  pus- 
tules were  conglomerate,  and  areas  from  two  to  four  centi- 
meters in  diameter  were  indurated,  swollen,  and  reddened. 
Some  of  these  would  undoubtedly  have  ruptured,  leaving 
deep  ragged  ulcers,  had  the  patient  lived  longer.  (Fig.  2.) 
The  nasal  mucous  membrane  gave  no  evidence  of  in\'olvcmcnt 
during  life. 

The  cough  was  due  to  lesions  of  the  trachea,  bronchi,  and 
lungs,  which  will  be  fully  described  in  the  pathological  report. 
The  rate  of  respiration  became  accelerated  during  the  last 
three  days  of  the  illness,  reaching  forty  per  minute.  None 
of  the  accessible  lymph  nodes  were  swollen. 

The  range  of  temperature  was  high.  Only  once  did  it  fall 
below  103"  I'',  to  I03.S"  F.,  and  the  highest  point  reached 
was  105.6"  F. 

Until  within  two  days  of  death  the  pulse  rate  was  remark- 
ably low,  when  one  considers  the  temperature  curve,  varying 
from  seventy-eight  to  one  hundred  per  minute. 

The  urine  examined  the  day  after  admission  was  pale, 
acid,  of  1,005  specific  gravity,  and  contained  neither  albumin 
nor  sugar.  The  microscopic  examination  was  negative. 
The  urine  was   not  examined  again. 

There  was  sliglit  diarrhea  during  the  course  of  the  dis- 
ease. 

The  treatment  was  confined  entirely  to  supporting  and 
hydrotherapeutic  measures.  As  the  attempts  to  reduce  the 
patient's  temperature  by  cold  baths  were  futile,  and  as  they 
seemed  to  distress  him,  they  were  discontinued. 

The  diagnosis  of  acute  glanders  was  not  made  without 
difficulty.  The  high  temperature,  the  disproportionately 
low  pulse  rate,  the  spots,  resembling  as  they  did  at   first   the 
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rose  spots  of  typhoid,  the  tremulous  coated  tongue,  together 
with  the  season  of  the  year,  naturally  suggested  typhoid 
fever.  But  the  day  after  admission,  when  the  abscess  of  the 
leg  had  appeared  and  some  of  the  "  rose  spots  "  Iiad  changed 
to  papules,  the  idea  of  typhoid  fever  had  to  be  abandoned. 
The  pus  from  an  abscess  was  examined  for  whatever  organ- 
isms might  be  present  and  only  cocci  found.  As  fresh 
abscesses  appeared  and  as  the  eruption  became  pustular, 
the  history  of  the  horse-bite  took  on  greater  significance, 
and  the  pus  was  searched  anew  for  bacilli. 

At  this  second  examination  a  few  bacilli  were  found  pre- 
senting the  morphological  characters  of  B.  mallei,  and  pend- 
ing the  result  of  the  bacteriological  examination  of  the 
blood  a  provisional  diagnosis  of  acute  glanilcrs  was  made. 
The  post-mortem  findings  and  the  cultures  from  the  blood 
subsequently  confirmed  this  diagnosis. 

The  incubation  period.  —  VVoodhead  states  that  the  incuba- 
tion period  after  inoculation  is  very  short,  twenty-four 
hours,  unless  the  inoculation  takes  place  through  an  old 
wound  or  the  infection  is  cryptogenic,  when  the  period  ma\' 
be  prolonged  to  one  or  two  weeks  or  more.  Moreover, 
after  inoculation  involvement  of  Ij'mph  nodes  is  prominent. 

If  these  rules  apply  to  the  present  case,  infection  could  not 
have  occurred  when  the  wound  of  the  finger  was  received. 
It  may  have  occurred  through  this  wound  during  its  healing, 
but  this  appears  unlikely  as  the  wound  was  treated  asepti- 
cally  and  healed  after  some  suppuration.  It  is  still  less 
probable  that  the  infection  was  of  cryptogenic  origin,  and 
considerable  doubt  has  been  thrown  upon  the  genuineness 
of  some  reported  infections  of  this  type.  In  view  of  the 
clear  history  of  a  bite  from  a  sick  horse  said  to  have  "  dis- 
temper," and  of  a  pyogenic  infection  of  this  wound,  it  would 
seem  to  us  most  reasonable  to  conclude  that  the  glanders 
infection  occurred  when  the  finger  was  bitten  or  shortly 
thereafter,  and  that  dissemination  of  the  bacilli  occurred 
much  more  slowly  than  is  indicated  in  the  rules  laid  down 
by  Woodhead.  In  Duval's  case  the  outbreak  of  the  disease 
in  acute  form  occurred  fifteen  days  after  a  wound  of  the 
finger. 
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PATHOLOGICAL   REPORT. 


Autopsy  thirty  hours  after  death. 

The  skill  exliibited  several  hundred  papules,  macules,  and  pustules, 
irregularly  distributed  over  the  body,  varying  in  size  from  a  pin  head  to 
I  cm.  in  diameter.  They  were  generally  acuminate,  sometimes  slightly 
iimbilicated,  while  the  largest  lesions  were  ulcerated  and  excavated. 
Many  of  them  resembled  variolous  pustules,  but  were  less  distinctly  puru- 
lent and  not  markedly  umbilicated.  They  were  surrounded  by  a  peculiar 
anemic  halo  i  cm.  in  diameter.     In  some  areas  the  lesions  were  confluent. 

The  skite/al  niiisclcs  were  the  seat  of  about  a  score  of  abscesses  i  to  3 
cm.  in  diameter,  containing  thick  blood-stained  pus. 

The  heart  was  normal. 

lioth  lungs  exhibited  numerous  foci  of  consolidation,  resembling  small 
and  large  tubercles,  single  or  more  often  conglomerate.  These  nodules 
projected  slightly  on  section  and  on  the  pleural  surface.  They  were  quite 
firm,  and  were  surrounded  by  areas  of  hemorrhage.  Numerous  larger 
consolidated  foci  were  present  in  both  lungs.  The  upper  part  of  the  left 
lung  was  slightly  consolidated  and  of  light  yellowish-gray  color.  Here 
the  pleura  was  coated  with  fibrin.  The  bronchia!  nodes  were  very  hyper- 
einic.  Two  of  them  were  necrotic  and  softened,  and  one  of  these  had 
ruptured  into  the  left  bronchus,  producing  a  large  ragged  ulcer  of  the 
mucosa.  The  pneumonic  area  had  apparently  resulted  from  the  aspiration 
of  the  contents  of  this  node.  The  bronchial  mucosa  was  very  hyperemic, 
and  presented  a  few  prominent  papules  and  pustules. 

The  lymph  nodes  of  the  left  axilla,  groin,  and  arm  were  not  ])alpable, 
and  were  not  dissected  out:  and  no  other  lymph  nodes  were  found  to  con- 
tain specific  lesions. 

The  spleen  was  the  seat  of  well-marked  acute  hyperplastic  .splenitis. 

Liver  and  kidneys  showed  acute  degeneration. 

Cranium.  Over  the  right  side  of  the  occipital  protuberance  was  a  sub- 
periosteal collection  of  thick  pus,  and  between  the  dura  and  skull  a  simi- 
lar collection.  The  meninges  were  hyperemic  and  edematous,  but  the 
brain  was  normal. 

The  gastrointestinal  tract  showed  slight  catarrhal  infi.uiimation.  Peyer's 
patches  were  atrophic. 

Bone  marrow  cellular  and  hyperemic. 

Testicles  and  bladder  normal. 

There  is  a  healed  wound  with  irregular  hyperemic  scar  on  the  tip  of  the 
left  third  finger. 

Anatomical  Diagnosis.  —  Pustular  eruption  of  the  skin  and  bronchial 
mucosa.  Multiple  intra-muscular  abscesses.  Necrotic  bronchial  lymph- 
adenitis; rupture  into  the  bronchus.  Multiple  granulomata  and  difi'use 
pncumojiia  of  the  lungs.     Glanders. 
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MICROSCOnCAL   EXAMINATION. 

The  pulmonary  lesion.  Throughout  the  lungs  there  is 
marked  congestion,  edema,  and  considerable  catarrhal  des- 
quamation of  epithelium. 

The  glanders  nodules  consist  of  a  series  of  vesicles  filled 
with  exudate  and  surrounded  usual!}'  by  a  zone  of  hemor- 
rhage. The  exudate  consists  of  about  equal  proportions  of 
mononuclear  and  polynuclear  leucocytes,  of  exfoliated  epi- 
thelium, and  a  considerable  admi.xturc  of  red  cells.  I""ibrin 
is  abundant  in  many  places,  and  some  vessels  are  filled  ex- 
clusively with  fibrin  masses,  but  in  the  more  cellular  portions 
fibrin  is  absent.  The  exuded  cells  e.xhibit  various  degenera- 
tive changes,  including  karyorhexis,  karyolysis,  hydrops  of 
nuclei  and  cytoplasm,  and  fatty  degeneration.  No  collec- 
tions of  fat,  such  as  described  by  some  writers,  could  be 
detected. 

A  great  many  fusion  giant  cells  are  present,  of  many  sizes, 
and  exhibiting  a  variety  of  degenerative  nuclear  changes. 
The  appearance  of  this  exudate  and  especially  of  the  giant 
cells  is  very  characteristic.      (See  Fig.  2.) 

It  shows  some  resemblance  to  acute  necrotic  tuberculosis, 
but  the  giant  cells  are  very  different  from  those  of  tubercu- 
losis, the  necrosis  is  nowhere  complete,  and  karyorhexis  is 
much  more  prominent.  Any  tendency  of  the  glanders  ba- 
cillus to  induce  a  productive  lesion  is  entirely  obscured  by 
■the  intense  exudative  process. 

The  bronchi  are  the  seat  of  an  intense  purulent  catarrh. 

The  cutaneous  lesion.  The  inflammatory  foci  are  located 
in  the  derma  close  beneath  the  epithelium,  or  very  often 
deeper  near  the  subcutaneous  fat.  The  larger  lesions  are 
conglomerate  nodules  composed  of  several  small  foci  in  which 
the  exudate  has  gathered  in  a  small  cavity,  marked  off  by  the 
distended  connective  tissue  fibres.  The  exuded  cells  appear 
to  be  principally  mononuclear  leucocytes,  with  fewer  polynu- 
clear cells,  but  the  necrotic  process  is  too  far  advanced  to 
allow  accurate  identification  of  the  cells. 

There  are  some  of  the  same  fusion  giant  cells  described  in 
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the  lung.  Karyorhcxis  is  very  advanced,  very  few  cells  are 
left  with  intact  nuclei,  and  the  whole  mass  of  exudate  exhib- 
its very  numerous  pyknotic  or  hydropic  nuclear  fragments 
yielding  a  very  characteristic  appearance. 

The  necrotic  area  is  surrounded  by  a  zone  of  vessels  show- 
ing great  abundance  of  fibrin. 

In  the  exudate  the  red  cells  have  entirely  disappeared. 
In  the  zone  of  vessels  with  excess  of  fibrin  hemolysis  has 
occurred,  leaving  only  shadows,  while  on  the  outskirts  of  the 
lesion  many  small  vessels  exhibit  thrombi  of  agglutinated 
red  cells  of  homogeneous  lustre  and  often  forming  the  central 
points  of  fibrinous  coagula. 

The  anemic  zone  surrounding  the  pustule  appears  to  be 
referable,  at  least  in  part,  to  the  numerous  small  dilatations 
of-  the  sub-epithelial  lymphatics  which  have  raised  the  epi- 
thelium to  such  an  extent  as  to  readily  explain  its  whitening. 

The  intra-muscular  abscesses.  (Fig  i.)  The  process  in  the 
muscles  is  very  similar  to  that  in  the  lung  and  skin.  The 
necrotic  exudate  is  identical  in  appearance  with  that  of  the 
skin  lesions.  The  advance  of  the  destructive  process  is 
everywhere  marked  by  a  narrow  zone  of  hemorrhage  and 
edema.  Later  comes  the  cellular  exudate  of  the  usual  type. 
The  muscle  fibres  undergo  a  series  of  changes  ending  in 
their  complete  destruction.  These  consist  in  swelling,  oblit- 
eration of  Cohnheim's  fields,  invasion  by  leucocytes,  vacuola- 
tion,  and  fragmentation.  Many  fibres  dissolve  without  inva- 
sion by  leucocytes,  leaving  a  faint  unstained  network  as  If 
from  complete  hydrolysis.  Half  dissolved  or  completely  dis- 
solved fibres  are  sometimes  seen  a  considerable  distance  from 
the  necrotic  zone.  No  trace  of  reparative  proliferation  of 
fi.xed  cells  could  be  discovered.  The  edges  of  the  necrotic 
foci  are  often  sharply  marked  off  from  very  slightly  altered 
muscle  fibres.  The  red  cells  at  a  distance  from  the  ab- 
scesses often  show  peculiar  agglomeration,  but  no  distinct  ag- 
glutination, although  some  solution  of  Hb  has  occurred  and 
many  crystals  of  hematoidin  arc  everywhere  present. 

The  marrow.  The  chief  characteristic  of  the  bone  mar- 
row,   as    found    in    the    ribs    and    vertebras,   is   an    extreme 
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congestion  of  the  vessels.  The  sinuses  are  gorged  with  blood, 
many  arc  distended  much  beyond  their  natural  limits  and 
some  are  ruptured,  giving  rise  to  minute  extravasations.  The 
pulp  cords  are,  as  a  rule,  not  more  cellular  than  normal,  but 
in  certain  scanty  and  narrow  foci  there  is  some  increase  in 
large  ncutrophile  mj'elocytes.  The  lymphocytes  also  ap- 
pear in  normal  numbers,  and  islands  of  nucleated  red  cells 
are  numerous.  A  marked  e.xcess  of  fibrin  is  found  in  many 
small  vessels  —  with  this  exception,  the  appearances  are 
identical  with  those  seen  in  the  marrow  of  typhoid  fever.  No 
distinct  hematoniata  as  described  by  Ferrari  and  Guarnieri 
were  found,  but  the  bones  of  the  extremities  were  not  ex- 
amined. 

BACTERIOLOGICAL    REPORT. 

(a.)  Circulating  blood.  On  August  31,  twenty-six  hours 
before  death,  five  cubic  centimeters  of  blood  were  aspirated 
from  the  median  basilic  vein,  and  kept  on  ice  until  Septem- 
ber second.  The  blood  was  then  divided  between  two  tubes 
of  ordinary  broth.  After  twenty- four  hours  in  the  ther- 
mostat no  growth  was  visible,  but  on  the  morning  of  Sep- 
tember fourth  (forty-eight  hours)  both  tubes  e.xhibited  a 
rather  profuse  growth,  resembling  that  of  streptococcus  pyo- 
genes, and  consisting  of  opaque,  whitish  flocculi  which  ad- 
hered to  the  sides  of  the  tube  and  to  each  other,  leaving  the 
fluid  clear.  The  growth  consisted  of  micro-organisms  similar 
to  Bacillus  mallei  and  in  pure  culture.  Cultures  on  blood 
serum  of  the  blood  post-mortem  gave  colonies  of  the  glan- 
ders bacillus  and  of  various  unidentified  cocci. 

{b.)  Pustules.  On  August  twenty-ninth  smears  from  the 
pustules  contained  a  few  staphylococci  and  a  few  bacilli  re- 
sembling B.  mallei.  Post-mortem,  from  a  pustule  of  the  skin 
previously  pencilled  off  with  five  per  cent  formalin  and 
sterile  water,  a  growth  was  obtained  of  the  glanders  bacillus 
and  of  a  large  unidentified  coccus,  while  the  smears  contained 
only  bacilli. 

(c.)  Intra-muscular  abscesses.  The  smears  of  the  pus  con- 
tained bacilli  and  cocci,  and  cultures  gave  a  growth  of  B. 
mallei  and  staphylococcus  aureus. 
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{(i.)  Lung.  The  sputum  examined  durint;  life  was  found 
to  contain  many  bacilli  resembling  B.  mallei. 

Smears  of  the  lung  contained  cocci,  bacilli  resembling  B. 
mallei,  and  a  large  filiform  bacillus.  Cultures  gave  liacillus 
mallei  in  profuse  growth,  and  a  large  filiform  bacillus.  The 
earliest  identification  of  B.  mallei  was  obtained  from  a  culture 
of  the  lung  which  gave  a  diffuse  brownish  growtli  on  potato, 
at  first  pure,  later  overgrown  by  the  large  filiform  bacillus. 
This  growth  was  obtained  in  less  than  twenty-four  hours.  In 
some  scrum  tubes  inoculated  from  the  lung.  Staphylococcus 
pyogenes  aureus  grew. 

The  bacteriological  examination  therefore  gave  a  pure 
culture  of  B.  mallei  from  the  circulating  blood  during  life  and 
the  morphological  demonstration  of  this  micro-organism  in 
tlic  sputum  and  pus  from  the  abscesses ;  while  after  death 
the  same  bacillus  was  obtained  from  the  same  sources,  but 
combined  ahvays  with  Staphylococcus  pyogenes  aureus,  and 
in  the  lung  with  a  large  filiform  bacillus.  As  the  staphylo- 
coccus was  not  found  in  the  circulating  blood  during  life,  but 
only  in  the  post-mortem  material,  and  as  this  micro-organism 
is  so  frequently  present  in  the  lung  post-mortem,  we  are  not 
inclined  to  attach  much  importance  to  its  demonstration  in 
any  of  the  localities  except  in  the  abscesses  where  there 
seems  to  have  been  an  active  mixed  infection. 

In  a  case  reported  by  Duval  and  others  the  glanders  bacil- 
lus was  obtained  in  pure  but  scanty  culture  from  the  circu- 
lating blood  during  life,  but  the  writers  can  find  no  other 
reports  of  the  bacteriological  examination  of  the  circulating 
blood. 

Distribution  of  B.  mallei  in  stained  sections.  Although 
the  glanders  bacillus  is  demonstrated  with  some  difficulty  in 
sections  of  tissue  stained  by  ordinary  methods,  no  great 
trouble  was  experienced  in  identifying  this  micro-organism  in 
thin  paraffin  sections  of  the  formalin-hardened  tissues  stained 
twenty-four  hours  in  saturated  watery  solution  of  Ehrlich's 
rectified  methylene  blue. 

In  such  preparations  the  bacillus  could  be  identified  es- 
pecially by  the  pale  staining  spots  which  give  it  a  somewhat 
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serrated  appearance.  The  bacillus  was  present  in  large 
numbers  in  all  the  lesions.  Most  of  them  were  contained  in 
medium-sized  and  large  mononuclear  cells  and  in  the  giant 
cells,  in  all  of  which  cells  they  lay  singly  or  in  groups,  often 
within  distinct  vacuoles.  Some  well-preserved  cells  con- 
tained large  numbers  of  bacilli  which  distended  the  cell  body. 
In  the  outskirts  of  the  nodules  where  the  cells  were  well  pre- 
served, nearly  all  the  bacilli  were  intra-cellular,  but  in  the 
necrosing  centres  many  were  found  extra-cellular. 

In  sections  of  the  skin  the  bacilli  were  present  in  moderate 
numbers,  and  none  but  those  resembling  B.  mallei  could  be 
detected.  In  the  abscesses  and  in  the  testicle  staphylococci 
also  were  detected,  while  in  the  lung  the  glanders  bacillus 
was  considerably  overgrown  with  cocci  and  filiform  bacilli 
which  latter  were  usually  extra-cellular. 

Some  alteration  in  the  intra-vitam  numbers  and  position  of 
the  micro-organisms  in  the  tissues  must  be  granted  to  have 
occurred  after  death. 

Experimental  glanders  in  the  guinea-pig.  The  usual  posi- 
tive results  of  inoculation  of  a  male  guinea-pig  were  obtained. 

This  pig  was  inoculated  intraperitoncally  with  an  emulsion 
of  lung  tissue  on  September  third.  It  did  not  appear 
to  be  much  affected  till  September  eighth,  when  it  rather 
suddenly  collaped  and  died  September  ninth.  The  testicles 
were  painful  and  partially  fixed  by  the  end  of  the  third  day, 
and  later  the  scrotum  became  moderately  swollen  and  ede- 
matous. 

The  autopsy  showed  a  few  small  collections  of  caseous 
material  in  the  skin  and  muscles  at  the  point  of  puncture, 
while  on  the  peritoneal  surface  adjoining  were  many  fine 
granules.  The  visceral  peritoneum  was  shiny.  Ascites 
absent.  There  was  one  large  pustule  projecting  prominently 
from  the  peritoneal  surface  of  the  small  intestine.  The 
omentum  was  shrivelled  up  into  a  globular  mass  one  centi- 
meter in  diameter  and  exhibiting  several  small  glanders 
nodules.  Kidneys  negative.  Lungs,  a  good  many  minute 
grayish  foci  could  be  distinguished  on  section.  The  Mal- 
pighian  bodies  of  the  spleen  were  over-prominent.  The  liver 
showed  numerous  minute  whitish  foci  on  section. 
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Tlie  testicles  were  much  swollen,  together  measuring  four 
centimeters  across.  They  were  adherent  to  the  scrotum,  the 
cavity  of  the  tunica  vaginalis  here  being  obliterated  by  a 
fusion  of  its  layers  from  the  inflammatory  process.  The  lesions 
involved  the  entire  surface  of  both  testicles  and  epididymi 
and  extended  one  centimeter  up  the  cord.  Sometimes  only 
one  testicle  is  involved.  (Frothingham.)  The  neighboring 
parietal  peritoneum  of  the  abdominal  cavity  exhibited  a  score 
of  fine  superficial  glanders  nodules. 

Microscopically  the  lesions  of  the  testicles  were  found  to 
have  originated  on  the  peritoneal  surfaces  which  were  fused 
together,  while  the  process  had  spread  through  the  muscular 
tissue  of  the  scrotum  and  very  often  into  the  substance  of 
the  testicle. 

In  the  epididymus  the  lesions  were  more  extensive  and 
had  reached  a  suppurative  grade  with  the  production  of  small 
abscesses.  I'llsewhere  the  lesions  were  of  the  more  typical 
type  described  in  the  human  tissues.  In  the  lungs  and  liver 
the  whitish  foci  proved  to  be  minute  glanders  nodules.  In 
the  liver  there  were  innumerable  nodules,  the  smallest  in- 
volving but  one  or  two  cords  of  cells  in  which  the  liver  cells 
and  a  few  leucocytes  were  necrotic,  nuclei  subdivided  and 
pyknotic.  No  mitosis  could  be  detected.  These  nodules 
were  identical  in  appearance  with  those  described  by  Wright. 
Many  lay  alongside  the  small  hepatic  veins.  Glanders 
bacilli  in  intra-cellular  groups  and  fewer  extra-cellular  indi- 
viduals were  abundant.  In  the  lungs  there  were  the  same 
evidences  of  focal  necrosis  about  groups  of  bacilli,  as  well  as 
some  larger  nodules. 

Cultures  of  the  heart's  blood  remained  sterile. 

Cultures  from  the  testicles  gave  on  broth  Staphylococcus 
pyogenes  aureus,  on  blood  serum  and  potato  B.  mallei  and 
Staphylococcus  pyogenes  aureus.  The  growth  on  potato  was 
of  typical  brownish  color  and  not  whitish  as  seen  with  Kut- 
scher's  bacillus.  Later  a  greenish  shimmer  appeared  on  the 
edges  of  the  growth.  The  suppurative  character  of  the  lesions 
about  the  epididymus  may  perhaps  be  referred  to  the  presence 
of  the  Staphylococcus  pyogenes  aureus. 
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EITCKITICAl.. 

Ill  the  literature  011  glanders  there  has  aKva}s  been  diver- 
sity of  statement  and  opinion  regarding  many  features  and 
even  regarding  the  essential  nature  of  the  process.  The 
observations  in  the  present  case,  although  not  sufficiently 
extensive  to  warrant  positive  conclusions  concerning  all 
forms  of  the  disease,  yet  have  some  bearing  on  the  discus- 
sion of  the  disease  in  its  peracute  type. 

I.  Morphology  and  the  distribution  of  the  bacilli  in  the 
tissues.  An  extreme  variety  in  the  morphology  of  Bacillus 
mallei  in  cultures  has  been  demonstrated  by  many  observers, 
especially  by  Valerio.  These  described  forms  include,  beside 
the  usual  short  rods  with  pale  staining  segments,  enormously 
elongated  threads,  chains,  polar  swelling,  large  uniformly 
swollen  rods,  extremely  minute  rods,  and  branching  forms. 
Most  of  these  irregular  types  appear  to  be  limited  to  old 
cultures,  but  some  have  been  described  in  tissues.  These 
characters  have  necessarily  led  to  the  classification  of  Bacillus 
mallei  as  a  streptothrix.  These  characters  are  perhaps  most 
apparent  in  the  tendency  of  the  micro-organism  to  form  large 
zooglea  masses,  "  dritseii,"  in  the  tissues,  similar  to  the 
colonies  of  actinomj'ces,  as  described  by  Loeffler,  Mayer, 
and  others. 

In  the  present  case  most  of  the  streptothrical  characters 
were  entirely  absent.  In  the  sputum,  pus,  and  in  the  early 
cultures,  practically  the  only  form  seen  was  a  short  bacillus, 
with  pale  stained  areas,  sometimes  slightly  swollen  at  one  or 
both  ends,  sometimes  moderately  elongated.  Here  there 
was  not  much  greater  variation  in  morphology  than  is  to  be 
seen  in  the  tubercle  bacillus  in  the  ordinary  case  of  acute 
tuberculosis. 

The  early  growth  on  potato  was  especially  uniform  in 
morphology,  the  bacillus  appearing  as  a  very  short  rod, 
usually  single.  Later  these  forms  were  replaced  by  longer 
ones  and  some  threads,  but  the  great  variety  of  types 
described  by  Valerio  did  not  appear.  On  blood  serum 
the    usual  forms    were    striated   rods,    polar  swelling,    forms 
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resembling  chain  cocci,  and  some  resembling  much  swollen 
cocci.  No  attempt  was  made  to  follow  the  changes  in  mor- 
phology further,  as  our  cultures  seemed  to  show  a  tendency 
to  remain  uniform. 

In  the  tissues  the  bacilli  maintained  the  same  general  uni- 
furmity,  the  striated  rod  being  the  predominant  form.  In 
the  skin  and  abscesses,  however,  elongated  rods  or  threads 
or  chains  were  sometimes  encountered  and  many  swollen 
forms  resembling  cocci  were  seen. 

Although  often  seen  in  densely  packed  groups  within 
epithelioid  and  giant  cells,  the  micro-organism  exhibited  no 
tendency  whatever  to  form  large  colonies  as  described  by 
Mayer  in  experimental  glanders,  and  occurring  as  the  rule, 
in  actinomycosis. 

All  of  these  observations  accord  with  the  conclusion  of 
Conradi,  that  pleomorphism  is  rather  strictly  limited  to  the 
saprophytic  existence  of  the  bacillus,  and  that  when  growing 
as  a  parasite  in  the  animal  organism  its  forms  are  limited, 
many  phases  of  development  are  omitted,  and  chain  and 
branching  forms  never  appear. 

II.  The  nature  of  the  glanders  process.  There  are  at 
present  three  main  contentions  regarding  the  essential  nature 
of  the  inflammatory  process  excited  by  the  bacillus  mallei. 

(a.)  The  essential  feature,  of  the  glanders  process  is  a 
proliferation  of  fixed  tissue  cells,  with  the  formation  of  epi- 
thelioid cells  and  followed  by  necrosis  and  exudation.  This 
view  is  held  by  Baumgarten,  Loeffler,  Lubarsch,  Strubc,  and 
others.  Virchow  regarded  the  new  cells  as  proliferated  fibro- 
blasts, but  placed  the  lesion  midway  between  the  strictly 
productive  process  and  purulent  inflammation. 

(b.)  The  first  event  after  the  lodgement  of  the  bacillus  in 
a  tissue  is  the  exudation  of  round  cells  (lymphocytes)  fol- 
lowed later,  and  only  on  the  outskirts  of  the  lesion,  by  a 
growth  of  epithelioid  fibroblasts.  This  view  is  held  by  the 
French  school,  Leclainche  and  Montane,  Lecredde,  and  by 
Bollinger. 

(c.)  The  first  effect  of  Bacillus  mallei  on  the  tissues  is  a 
necrosis  of  tissue  cells,  followed  by  exudation  of  mononuclear 
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and  polynuclear  cells,  and  often  of  blood  and  fibrin.  This 
opinion  is  maintained  by  Tcdeschi,  Csokor,  and  Wright. 

From  a  study  of  the  literature  on  the  histology  of  the 
lesions  of  glanders  it  seems  evident  that  many  observers  have 
attempted  to  draw  too  rigid  conclusions  from  the  material 
under  observation,  while  more  or  less  completely  ignoring 
the  definite  observations  of  others. 

Thus  one  finds  attributed  to  Baumgarten  and  many  other 
astute  observers  the  statement  that  giant  cells  do  not  develop 
in  the  glanders  nodules.  They  were,  however,  a  prominent 
and  characteristic  feature  of  the  lesion  in  the  present  case. 
Unna  states  that  no  diapedesis  of  red  cells  occurs,  which 
was  rather  strictly  true  of  the  cutaneous  lesions  in  the  present 
case,  while  elsewhere  widespread  extravasations  of  blood 
were  present.  Ferrari  states  that  in  the  blood  the  bacilli 
are  always  found  within  the  leucocytes,  which  can  hardly  be 
granted  for  a  violent  form  of  septicemia,  and  did  not  prove 
to  be  true  in  sections  of  blood  in  the  present  case.  Many 
observers  state  that  in  the  tissues  the  bacilli  are  mostly 
extra-cellular,  and  many  others  encountered  material  in 
which,  as  in  the  present  case,  the  intra-cellular  grouping  of 
the  bacilli  was  prominently  noted.  It  appears  that  the 
course  of  the  inflammatory  process  in  glanders  must  vary  a 
great  deal  according  to  the  virulence  of  the  infection,  the  sus- 
ceptibility of  the  organism, 'and  the  structure  of  the  tissue 
involved,  and  that  Bacillus  mallei  may  prove  a  strict  tissue 
parasite  or  may  actively  invade  the  blood,  that  hemorrhage 
occurs  in  some  cases  and  some  tissues  and  not  in  others, 
that  giant  cells  may  be  absent,  that  the  location  of  the  mi- 
cro-organisms maybe  intra-  or  extra-cellular. 

Regarding  the  essential  nature  of  the  inflammator}'  reaction 
excited  by  B.  mallei  the  same  variations  seem  to  occur,  and 
to  indicate  that  the  reaction  may  be  principally  and  origi- 
nally necrotic,  or  exudative  and  necrotic,  or  productive  and 
necrotic. 

It  appears  that  many  of  these  variations  may  be  con- 
trolled at  will.  When  one  rubs  up  a  killed  culture  in  a 
mortar,  and  injects   moderate  amounts  of  the  emulsion  into 
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the  skin  of  a  guinea-pig,  one  will  obtain,  as  did  Mayer  and 
others,  principally  productive  lesions.  When,  on  the  other 
hand,  one  injects  considerable  quantities  of  fresh  blood 
scrum  culture  of  great  virulence  into  the  peritoneal  cavity  or 
circulation  of  a  guinea-pig,  actively  exudative  and  necrotic 
lesions  have  always  been  obtained.  The  acute  disease  in 
man  seems  to  follow  the  latter  type. 

In  the  present  case  many  of  the  lesions  were  purely  exu- 
dative and  necrotic  and  any  tendency  to  a  proliferative  pro- 
cess \vas  entirely  obscured  by  the  violence  of  the  reaction. 

These  features  were  especially  prominent  in  the  muscles, 
where  the  initial  position  of  the  necrotic  process  was  indi- 
cated by  the  following  characters :  ( i  )  The  dissolution  of 
the  muscle  fibres,  which  was  often  extensive  and  sometimes 
complete  before  any  trace  of  proliferation  of  fi.xed  tissue 
cells  could  be  detected.  (2)  By  the  presence  of  hem- 
orrhage from  rupture  of  necrosed  capillaries  which  pre- 
ceded other  changes  in  the  endomysium  of  muscle  fibres. 
(3)  By  the  comparative  absence  of  local  leucocytosis  in 
early  lesions.  (4)  By  the  sudden  comminution  of  the 
exuded  cells.  (5)  By  the  narrow  margin  which  separated 
necrotic  exudate  and  tissue  from  practically  unaffected 
tissue.  Similar  purely  necrotic  and  exudative  lesions  have 
been  described  by  Wright  in  the  livers  of  guinea-pigs. 

In  most  of  the  lesions  an  exudative  element  resembling 
th  1:  of  a  severe  pyogenic  process  was  present  in  the  form  of 
excessive  fibrinous  deposits  in  and  about  the  necrotic  zone. 
As  noted  by  several  writers,  the  nodules  were  often  sur- 
rounded by  a  zone  of  fibrinous  exudate,  which  in  the  lung 
sometimes  filled  a  complete  circle  of  alveoli  about  a  small 
necrotic  area.  Likewise  many  polynuclear  and  mononu- 
clear leucocytes  were  usually  seen  in  the  pulmonary  lesions 
from  which,  however,  Staphylococcus  pyogenes  aureus  was 
isolated. 

In  spite  of  the  undoubted  occurrence  of  processes  of  the 
above  type  there  were  many  features  of  the  lesions  even  in 
this  very  acute  case  which  support  Baumgarten's  view  that 
there   resides  in  the  glanders  bacillus  a  special  tendency  to 
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induce   proliferation   of   fixed    tissue   cells   and   which   must 
throw  this  micro-organism  in  the  general  class  with  B.  tuber- 
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This  relation  is  strongly  suggested  by  (i)  the  gross  ap- 
pearance of  the  glanders  nodules,  which  much  resemble  mil- 
iary tubercles,  and  has  led  to  the  classification  of  the  disease 
with  the  infectious  granulomata.  (2)  The  absence  of  gen- 
era! and  any  marked  local  leucocytosis  must  stand  as  evidence 
of  the  same  relation,  as  showing  that  the  characteristic  qual- 
ities of  R.  mallei  are  different  from  those  of  all  active  pus- 
producing  micro-organisms.  (3)  The  microscopical  study 
of  the  lesions  in  the  lungs  of  the  present  case  showed  ab- 
sence of  any  considerable  proportion  of  polynuclear  leuco- 
cytes and  the  presence  of  many  large  mononuclear  cells,  which 
sometimes  exhibited  the  epithelioid  form  as  in  miliary  tuber- 
cles although  necrosing  too  rapidly  to  permit  of  satisfactory 
conclusions  on  their  form  or  regarding  their  origin  from  en- 
dothelia  or  fibroblasts.  (4)  The  presence  of  large  numbers 
of  giant  cells  recall  the  giant  cells  of  entirely  different  ap- 
pearance, but  probably  of  somewhat  similar  significance  in 
the  miliary  tubercle.  (5)  Although  plasma  cells  were  present 
in  the  outskirts  of  most  lesions  in  connective  tissue,  they 
were  not  more  numerous  than  about  many  purulent  lesions 
excited  by  the  streptococcus  or  staphylococcus  pyogenes. 
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From  these  considerations  and  from  the  observations  that 
have  been  so  often  repeated  on  the  action  of  less  virulent 
cultures  on  animals,  the  writers  conclude  that  the  glanders 
bacillus  tends  strongly  to  induce  a  productive  lesion  some- 
what similar  to  the  miliary  tubercle.  This  tendency  appears 
to  be  much  less  pronounced  than  with  the  tubercle  bacillus, 
while  the  necrotic  and  exudative  tendencies  of  the  glanders 
bacillus  are  much  more  prominent  than  with  the  tubercle 
bacillus,  and  purely  necrotic  lesions  are  observed  under  some 
conditions.  These  are  practically  the  same  conclusions  as 
those  reached  by  Johne,  who  finds  that  there  is  no  single 
type  of  lesion  which  the  action  of  the  glanders  bacillus  in- 
variably follows. 

The  septicemic  character  of  the  present  case  sets  it  off  at 
an  extreme  distance  from  the  usual  character  of  the  process 
excited  by  the  glanders  bacillus  which  has  been  defined  by 
Baumgarten  as  a  strict  tissue  parasite.  Not  a  few  cases  of 
the  same  type  in  man  have,  however,  been  described  which 
would  seem  to  show  that  the  human  subject  is  one  of  the 
most  susceptible  of  animals  to  this  infection. 
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DIFFERENTIATION    OF    MONKEY    AND    HUMAN    BLOOD 
BY    THE    SERUM    TEST. 

JAMES    EWING,    M.D. 

At  a  previous  meeting  of  the  Pathological  Society,  I  presented  the 
results  of  some  experiments  which  tended  to  show  that,  to  get  any 
specific  result  in  the  differentiation  of  animal  bloods  by  the  precipita- 
tion of  albumens  by  specific  anti-sera,  one  must  consider  not  only  the 
dilution  of  the  blood  to  be  tested  but  even  more  carefully  the  dilution 
of  the  test-serum.  In  those  experiments  it  was  shown  that  in  dealing 
with  a  very  active  beef-rabbit  serum,  one  could  obtain  precipitates  with 
quite  a  variety  of  bloods  other  than  beef,  if  the  test-serum  was  not 
diluted  more  than  i  to  5.  When,  however,  the  beef-rabbit  serum  was 
diluted  I  to  30,  only  beef  and  goat  blood  reacted  while  at  the  dilution 
of  I  to  50  goat  blood  failed  to  react,  while  the  beef  blood  still  gave 
a  prompt  precipitate.  The  dilution  of  the  blood  to  be  tested,  if  under 
I  to  500,  made  comparatively  little  difference.  These  results  were  very 
similar  to  those  previously  obtained  w  ith  the  same  method  by  Kister  and 
Wolff  (Zcit.  f.  Hyg.,  Bd.  41 )  but  quite  different  in  some  minor  respects. 
I  have  since  then  attempted  to  see  to  what  extent  monkey  blood  of 
various  accessible  types  reacts  to  humanized  sera.  For  this  purpose 
I  obtained  blood  serum  from  four  monkeys  representing  three  different 
breeds  and  have  tested  these  sera  with  four  different  strains  of  human- 
ized sera.  The  monkeys  tested  were  two  Java  {Imms  cynomolgus), 
one  Macacus  rhoesus,  and  one  baboon  {Cynocephalus  ur sinus).  The 
test-sera  used  were  two  rabbit  sera  called  No.  i  and  No.  2,  prepared 
I  by  Dr.  Strauss  in  the  Cornell  Laboratory,  one  rabbit  serum  called  No. 
I  3,  prepared  by  Dr.  Payne  in  the  Laboratory  of  the  Department  of 
I  Health,  and  one  chicken  serum,  called  No.  4,  prepared  by  myself.  I 
'  am  greatly  indebted  to  these  gentlemen  for  the  supply  of  these  sera. 

The  strength  of  the  sera  may  be  indicated  in  various  ways,  per- 
;  haps  best  by  the  highest  dilution  in  which  they  yielded  a  flocculent  pre- 
j  cipitate  in  human  blood,  dihited  i  to  50  or  i  to  100,  within  three  hours 
or  less. 


6       Differentiation  of  Monkey  and  Human  Blood  by  the  Serum  Tesl. 

The  sera  gave   tlocculent   precipitates  in   one  month   old   huiium 
serum,  as  follows : 


Dilution  of 

Dilution  of 

Test  serum 

tested  serum 

test 

-serum 

Time 

No.  I 

I-IOO 

1-50 

30  min. 

No.  2 

I-IOO 

1-50 

3  hours 

No.  3 

I-IOO 

1-200 

I  hour 

No.  4 

I-lOO 

I -50 

lyk  hours 

Scrum  No.  3  (Dr.  Payne's)  was  extremely  active,  giving  an  in- 
stantaneous turbidity  when  added  in  a  dilution  of  i-ioo  to  human  serum 
diluted  i-iooo.  Serum  No.  4  (Qiicken  serum)  was  distinctly  more 
active  than  No.  i  or  No.  2. 

The  result  with  the  use  of  these  sera  on  monkey  serum  was  briefly 
as  follows : 

1.  Baboon  Scrum.     In  all  dilutions  of  test  sera  Nos.   i,  2,  and 
3,  up  to  and  including  1-30,  the  baboon  serum  gave  flocculent  precipi-  | 
tates  or  turbidities  within  three  hours,  which  were  indistinguishable 
from  many  reactions  encountered  in  testing  known  human  blood.    This  I 
was  specially  true  with  serum  No.  3  which  precipitated  baboon  serum  ! 
about  as  actively  as  human,  up  to  1-20,  and  gave  a  very  slight  flocculent  I 
precipitate  in  three  hours,  when  added  in  dilution  of  1-40  to  baboon 
serum  diluted   1-200.      These  precipitates  were,  however,  much   less 
marked  than  in  the  corresponding  human  controls.     Even  with  the 
active  serum   No.   3  baboon  blood  in  any  dilution   failed   to  yield  a 
flocculent  precipitate  in  three  hours  when  the  test  serum  was  diluted 

I  to  50.  The  reactions  with  sera  Nos.  i  and  2  were  less  marked,  and 
the  pronounced  turbidities  occurring,  usually  failed  to  become  floccu- 
lent in  three  hours. 

2.  Rhoesus  Serum.  The  reactions  with  this  serum  were  almost 
identical  with  those  obtained  with  the  baboon.  Sera  Nos.  i  and  2 
failed  to  give  flocculent  precipitates  in  any  but  the  earlier  dilutions 
(i-io,  1-20)  within  3  hours,  although  causing  prompt  and  distinct! 
turbidities.  Serum  No.  3,  however,  gave  abundant  flocculent  precipi- 
tates in  three  hours  or  less,  up  to  dilutions  of  the  test  serum  1-40, 
beyond  which  the  turbidities  failed  to  become  flocculent  in  three  hours, 
or  more.  The  dilution  of  the  monkey  serum  if  not  beyond  1-200  made 
very  little  difference  in  the  results. 

3.  Java  Serum.  This  serum  reacted  more  like  human  blood  than 
did  either  of  the  others.  With  serum  No.  i  it  gave  distinct  turbidities 
up  to  a  dilution  of  test-serum  1-40,  but  the  turbidities  failed  to  become 
flocculent.  With  serum  No.  3,  a  flocculent  precipitate  was  obtained 
in  90  minutes,  tested  serum  i-ioo,  test-serum  1-80.  With  test-serum 
I-IOO  distinct  turbidities  occurred  promptly  but  failed  to  become  floc- 
culent. With  test-serum  1-200  all  trace  of  reaction  failed  although  in 
the  human  control  a  flocculent  precipitate  occurred  in  one  hour. 
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From  the  results  with  these  humanized  rabbit  sera  it  appears  to 
be  possible  to  distinguish  from  human  blood,  that  of  certain  monkeys 
by  using  high  dilutions  of  test  sera,  the  strength  of  which  has  been 
accurately  calibrated.  The  strong  sera  No.  3  gave  the  most  satisfactory 
results,  since  in  high  dilutions  (i-ioo,  1-200)  it  failed  to  react  with 
monkey  blood,  while  still  actively  precipitating .  albumens  of  human 
blood.  With  all  lower  dilutions,  however,  this  serum  gave  turbidities 
or  precipitates  in  both  bloods,  which  would  not  permit  the  separation  of 
the  monkey  from  the  human. 

The  suggestion  arose  that  an  animal  more  distantly  removed  from 
man,  might  yield  a  more  selective  serum.  An  ordinary  hen  was  there- 
fore treated  with  6  intraperitoneal  injections  of  10  c.c.  of  defibrinated 
placental  blood,  at  intervals  of  2  to  3  days.  Last  injection  February 
5th,  serum  drawn  February  9th.  This  animal  did  not  react  to  these 
injections  by  any  visible  symptoms.  Its  serum,  previously  inert,  was 
found  to  precipitate  the  above  specimen  of  old  huinan  serum  rather 
actively,  as  shown  in  the  table. 

When  tested  on  Java  and  Rhoesus  serum  it  failed  to  give  floccu- 
lent  precipitate  in  18  hours  in  any  dilution  and  gave  only  the  very 
faintest  turbidities  in  the  earliest  dilution,  i-io,  beyond  which  the 
monkey  serum  remained  clear  till  developing  bacterial  growth. 

This  single  experiment  does  not,  of  course,  demonstrate  that  all 
humanized  chicken  sera  will  prove  so  selective,  and  I  have  not  had 
time  to  repeat  the  experiments  with  other  chickens.  In  any  event  it 
would  seem  that  the  chicken  may  be  recommended  for  this  class  of 
experiments.  It  is  easily  handled,  is  cheap,  receives  injections  without 
apparent  reaction,  yields  blood  freely  from  superficial  veins  in  the 
wing,  stands  hemorrhage  well,  and  is  apparently  immune  to  most  ordi- 
nan,-  infections. 

I  conclude  from  these  experiments  that  the  blood  of  certain  mon- 
keys can  be  separated  from  human  blood  under  suitable  conditions. 
One  must  know  accurately  the  strength  of  the  test-serum  used.  The 
stronger  the  serum,  the  greater  is  the  danger  of  confusing  monkey  with 
human  blood  if  slight  dilutions  are  used,  while  with  high  dilutions  the 
strong  sera  yield  flocculent  precipitates  long  after  monkey  blood  has 
ceased  to  react.  Very  strong  serum  must  be  diluted  at  least  i-ioo, 
better  1-200,  and  confidence  placed  only  in  flocculent  precipitates  occur- 
ring within  three  hours  or  with  a  certain  promptness. 

Humanized  chicken  serum  seems  to  be  extremely  selective  for  hu- 
man blood  and  shows  less  antagonism  than  humanized  rabbit  serum 
against  monkey  blood. 
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PRECIPITINS   AND    THEIR   MEDICOLEGAL   USE. 
BV    T-\-MES  EWING,    M.D., 

PROFESSOR   OF  PATHOLOGY, 
AND 

ISRAEL  STRAfSS,    M.D., 


SCOPE  OF  DEMONSTRATED  PRECIPITINS. 

Precipitins  for  Albumins  of  Blood. — The 
original  observations  from  which  began  the  de- 
velopment of  the  medicolegal  serum  test  for  blood 
were  those  of  Kraus,  iSgj,  who  obtained  albu- 
minous precipitates  in  filtered  cultures  of  Bacil- 
lus cholera:.  B.  typhosus,  and  B.  pcstis.  bv  the 
addition  of  homologous  immune  sera,  and  that  of 
Tschistovitch  who  obtained  a  precipitate  in  eel 
serum  bv  means  of  anti-eel  serum  from  the  rab- 
bit. 

\"ery  soon  contributions  from  many  sources 
demonstrated  the  fact  that  most  but  not  all  ani- 
mals develop  antisera  with  precipitating  proper- 
ties (precipitins)  against  most  alien  bloods,  Bor- 
det  produced  in  a  rabbit  a  precipitin  for  chicken 
blood,  and  pointed  out  the  distinction  between  the 
precipitating  and  the  agglutinating  and  hemo- 
lytic actions  of  such  antisera.  Uhlenhuth  secured 
in  rabbits  precipitins  for  the  blood  of  the  chicken, 
beef,  and  man ;  \\'assermann,  Schutze,  Stern  and 
many  others  studied  the  actions  of  the  precipitins 
of  humanized  rabbit  blood,  Nuttall  and  Dinkel- 
spiel  prepared  several  blood  precipitins,  including 
those  obtained  by  treating  rabbits  with  the  blood 
of  the  dog,  sheep,  beef,  horse  and  man.  Nuttall 
later  obtained,  apparently  in  the  rabbit,  precipi- 
tins for  the  blood  of  the  fowl,  pig,  alligator, 
turtle,  frog  and  lobster.  Griinbaum  prepared  an- 
tisera for  the  blood  of  the  chimpanzee,  orang  and 
gorilla,  in  animals  not  stated.  \'on  Dungern  ex- 
perimented extensively  with  precipitin  for  crab's 
blood  (Maja  squiiiado.v  and  Dromia  Tuli>;ans), 
developed  in  rabbits.  One  of  us  has  found  that 
the  chicken  j)roduces  an  active  precipitin  for  hu- 
man and  rabbit  bloods.  Noguchi  found  the  nor- 
mal serum  of  several  cold-blooded  animals  to  con- 
tain precipitins  for  other  cold-blooded  animals 
and  for  horse  serum,  while  leaving  somewhat  un- 


certain  the  possible  increase  of  these  agents  by 
ininiimizatioii  of  such  cold-blooded  animals. 
Mctchnikoff,  Mesnil  and  v.  Dungern,  failed  to  in- 
crease natural  or  produce  new  precipitins  in  vari- 
ous cold-blooded  animals.  DeLisle,  working 
with  eel  blood,  failed  to  immunize  the  guinea-pig 
against  this  serum  as  the  animals  invariably  died, 
but,  with  more  difficulty  than  Tscliislovitch  de- 
scribes, he  produced  in  the  rabbit  an  active  hemo- 
lysin and  precipitin  for  eel  blood,  and  in  the  eel 
hemolysin  and  precipitin  for  rabbit  blood. 

In  the  experience  of  the  above  observers  it 
has  not  always  been  possible  to  obtain  in  every 
animal,  a  precipitin  or  hemolysin  for  every  other 
animal  blood.  Thus  Bordet  failed  in  this  attempt 
with  guinea-pigs  treated  with  rabbit's  blood,  but 
one  of  us  recently  secured  in  guinea-pigs,  an 
active  hemolysin  and  precipitin  for  rabbit's  blood. 
Nolf  failed  to  obtain  a  precipitin  from  pigeons 
treated  with  chicken  blood,  and  Nuttall  from  rab- 
bits treated  with  cat's  blood.  These  results,  in 
the  case  of  closely  related  animals,  must  be  re- 
ferred to  the  lack  of  antagonism  between  the 
blood  of  such  animals,  and  in  the  other  case  to  the 
excessivclv  poisonous  effects  of  the  eel  serum. 

It  may  here  be  noted  that  Friedenwald  found 
that  when  an  animal  is  injected  with  the  serum 
of  a  closely  related  animal,  the  albumins  pass 
rapidly  out  of  the  system  with  albuminuria,  while 
the  more  distinctly  alien  blood  is  retained  in  the 
system  apparently  absorbed  by  the  body  cells. 

Precipitins  for  Milk. — From  the  earliest 
stages  of  the  study  of  blood  precipitins,  investiga- 
tions have  been  directed  to  specific  sera  antago- 
nistic to  other  body  cells  and  other  forms  of  al- 
bumins. Bordet  first  produced  in  rabbits  by  in- 
jections of  sterile  cow's  milk  a  serum  precipitating 
in  slight  dilution  the  albumins  of  such  milk. 
Fisch  prepared  specific  precipitins  for  the  casein 
of  cow's  milk,  which  failed  to  affect  either  goat  or 
human  milk.  He  also  injected  an  emulsion  of 
udder  cells  and  obtained  a  specific  precipitin  for 
the  milk  of  the  same  animal,  and  concluded  there- 
from that  milk  represents  a  solution  of  the  gland 
cell  albumins  and  not  merely  a  filtration  through 
the  cells.  Wassemiann  and  Schutze  obtained  in 
rabbits  precipitins  for  human,  goat's  and  cow's 
milk,  which  in  moderate  dilution  proved  highly 
specific  for  each  variety  of  milk.  Hamburger 
obtained  specific  precipitins  for  both  the  albumin 
and  the  casein  of  cow's  milk,  both  of  which  sera 
acted  similarly  on  beef  serum,  but  the  seaim  ob- 


tained  after  injections  of  beef  blood,  had  no  eflfect 
on  cows  milk.  This  result  indicates  that  both  ser- 
um and  milk  contain  receptors  which  produce 
precipitins  for  serum  albumin,  but  milk  contains 
other  receptors  which  develop  a  special  precipi- 
tin for  the  albumin  of  milk. 

That  other  tissue  cells  contain  the  milk-coagu- 
lating receptor  is  indicated  by  the  results  of 
Meyer  and  Aschoflf,  who  obtained  milk  coagu- 
lins  by  injections  of  various  tissue  cells.  While 
some  reports  indicate  high  specificity  for  the  milk 
coagulins,  Moro  found  that  the  precipitin  de- 
veloped by  cow'  milk  precipitates  also  goat  milk. 
Careful  dilution  of  the  test  serum  has  apparently 
not  been  observed  in  this  field. 

Precipitins  for  Muscle  and  Bone  Albumin. 
— Schutze  produced  a  specific  precipitin  for  hu- 
man muscle,  which  was  inert  on  human  albumin- 
ous urine  or  blood  serum,  but  proved  hemolytic. 
Cooked  muscle  also  yielded  a  similar  precipitin,  as 
did  also  an  albumin  separated  chemically  from 
muscle  tissue.  Jez  and  Uhlenhuth  have  since 
employed  this  biological  method  for  the  detec- 
tion of  different  meats,  and  Schutze  has  ap- 
plied it  with  some  success  to  the  differentiation 
of  bones. 

Precipitins  for  Albuminous  Exitoates. — 
Many  observers  have  found  that  albuminous  exu- 
dates in  pleuritic,  ascitic,  and  hydrocele  fluids  and 
albuminous  urine,  are  almost  as  active  in  devel- 
oping precipitins  for  blood  serum  as  is  the  blood 
itself.  As  such  fluids  are  readily  obtainable  they 
are  often  employed  instead  of  blood  for  the  prep- 
aration of  blood  precipitins  for  medicolegal  pur- 
poses, but  there  are  various  reasons  for  avoiding 
such  expedients. 

LeClainche  and  \'allee  first  employed  intraven- 
ous injections  of  urine  containing  one-half  grain 
of  solid  albumin  per  liter.  The  rabbits  suffered 
considerably  from  the  treatment  but  after  three 
months  their  sera  actively  precipitated  urine  con- 
taining serum  albumin.  They  gave  a  slight  pre- 
cipitate with  urine  containing  much  globulin,  but 
were  inert  with  human  blood  serum,  or  serum 
from  the  horse,  donkey,  sheep  and  beef.  Mertens 
found  that  injections  of  albuminous  urine  yielded 
less  precipitin  for  the  albumins  of  the  urine  or 
blood  than  did  injections  of  blood.  Zuelzer,  who 
also  employed  highly  albuminous  urine,  conclud- 
ed that  the  injected  urine  must  contain  some 
blood  albumins  but  not  these  exclusively.  Biondi 
found  that  injections  of  kidney  tissue  free  from 


blood  yielded  precipitins  both  for  blood  and  for  al- 
bumin? in  tlie  urine,  while  Schattenfroh  found 
that  injections  of  albumin-free  urine,  if  not  heated, 
produced  blood  hemolysin  and  agglutinin  but  no 
precipitin.  A  comparison  by  Dieudonne  of  the  ac- 
tivity of  the  serum  yielded  after  injections  of  al- 
buminous urine,  pleuritic  exudates  and  blood  se- 
rum, showed  a  considerable  difference  in  favor  of 
the  blood  serum. 

SrEciiac  Pri:cipiti.\s  for  Albumins.  Globu- 
lins AND  Peptones. — Several  observers  have  en- 
deavored to  separate  the  different  proteids  of 
blopd  and  to  test  their  actions  apart  from  the  mix- 
tures in  which  they  naturally  occur.  Xolf  sepn 
arated  the  plasma  from  the  cells  of  chicken  and 
dog  blood  and  secured  in  each  case  precipitins 
only  from  the  animals  receiving  injections  of  the 
plasma.  He  precipitated  the  globulin  twice  by 
saturation  with  magnesium  sulphate  and  washing, 
and  separated  the  albumins  from  the  dialized  fil- 
trate by  the  addition  of  one  per  cent.  Ac.  adding 
NaCl  and  sterilizing  at  56°  C.  for  eight  days. 

Rabbits  treated  with  the  globulin  developed  a 
precipitin  while  those  receiving  the  albumin  did 
not.  That  the  substance  precipitated  (precipi- 
tum)  is  a  globulin  he  concluded  from  the  fact 
that  the  active  serum  had  no  effect  on  solutions  of 
serum  albumin  but  gave  abundant  precipitates  in 
solutions  of  globulin. 

Biondi  failed  to  obtain  a  precipitin  by  injec- 
tions of  serum  albumin,  but  succeeded  by  the  use 
of  the  globulin  precipitated  by  MgSOj. 

In  reference  to  these  experiments  it  may  be  re- 
marked that  the  serum-albumin  may  have  been 
greatly  altered  in  character  during  its  separation. 

Myers  secured  from  rabbits  precipitins  for 
crystallized  egg-albumin,  sheep  globulin,  beef 
globulin,  and  Witte's  peptone,  by  injections 
of  each  of  these  substances.  Rather  numerous 
control  tests  showed  these  precipitins  to  be  high- 
ly specific  but  not  absolutely  so.  The  peptone 
serum  was  peculiar  in  losing  much  of  its  activity 
when  heated  to  56°  C,  and  on  being  reactivated 
by  normal  rabbit  serum,  while  all  the  sera  agglu- 
tinated various  blood  cells.  Pick  and  Spiro  also 
claim  to  have  secured  a  precipitin  for  albumoses. 

Uhlenhuth  injected  chicken  egg-albumin  dis- 
solved in  salt  solution  and  obtained  a  powerful 
precipitin  which  had  a  slight  action  on  pigeon 
egg-albumin,  and  resisted  heating  to  60°  C.  for 
one  hour.  Feeding  the  animal  for  twenty-four 
days  with  the  same  albumin  also  developed  the 


precipitin,  but  Moro  and  Hamburger  failed  to 
obtain  any  lactose  serum  by  forced  feeding  of 
young  animals  by  milk.  Obermeyer  and  Pick  and 
Umber  separated  the  di liferent  albumins  and 
globulins  of  the  white  of  egg,  and  while  they  all 
caused  the  development  of  precipitins,  these  pre- 
cipitins were  not  specific  for  the  different  proteids 
of  the  egg.  Modica  and  Corin  als«  obtained  pre- 
cipitins by  injections  of  globulin  precipitated  by 
magnesium  sulphate.  Corin  secured  the  globu- 
lins from  cadaver  blood  and  ascitic  fluid,  and 
demonstrated  that  the  precipitin  is  also  a  globulin, 
and  he  recommends  its  preservation  in  the  form 
of  a  dry  powder  containing  magnesium  sulphate. 
Strong  solutions  of  this  powder  he  found  more 
active  than  the  fresh  serum  from  which  it  was  de- 
rived. 

Somewhat  dissimilar  results  were  obtained  by 
later  observers.  Rostocki,  Landsteiner  and  Cal- 
vo,  found  that  the  serum  of  rabbits  immunized 
to  horse  globulin  precipitates  both  globulin  and 
albumin  of  horse  blood.  In  Michaelis'  hands  in- 
jections of  pure  globulin  gave  a  serum  precipi- 
tating globulins  only,  while  injections  of  pure  al- 
bumins gave  a  serum  precipitating  both  albumins 
and  globulins.  As  he  obtained  the  globulin  by 
partial  saturation  with  ammonium  sulphate,  his 
experiments  are  not  exactly  comparable  with  those 
in  which  the  globulin  was  precipitated  by  mag- 
nesium sulphate.  He  failed  to  obtain  a  precipitin 
from  Merck's  egg-peptone  or  Riedel's  peptone, 
and  points  out  from  the  observations  of  Buchner 
and  Geret  that  Myers"  peptone  precipitin  probably 
represents  a  precipitate  of  barium  sulphate. 
Tschistovitch  also  failed  to  obtain  a  precipitin 
for  peptones.  Ide  and  Leblanc  both  report  that 
they  have  secured  specific  precipitins  for  pure  al- 
bumin and  pseudoglobulin  of  beef  blood,  and 
Hamburger  claims  that  the  casein  and  albumin  of 
milk  may  be  separated  by  their  specific  antisera. 

Obermayer  and  Pick-  report  that  beef  serum 
heated  to  60°  to  70°  C,  which  destroys  its  reac- 
tion to  the  antiserum,  is  capable  on  injection  into 
rabbits  of  developing  a  serum  which  precipitates 
not  only  fresh  beef  serum  but  also  beef  serum 
heated  to  60°  to  70°  C.  By  employing  such 
heated  sera  they  secure  what  may  be  called  a 
polyvalent  serum  which  may  possibly  prove  of 
value  in  testing  blood  which  has  been  subjected  to 
heat.  Likewise  beef  globulin  carefully  oxydized 
at  room  temperature  by  potassium  permanganate 
and  thus  deprived  of  its  capacity  to  react  to  nor- 


mal  antiserum  will  devolop  a  serum  which  pre- 
cipitates the  oxydized  globulins  and  to  some  ex- 
tent  the   fresh   globulins. 

The  observations  of  Klein  indicate  that  the  pre- 
cipitins produced  by  the  albumins  of  the  red  cells 
and  those  produced  by  the  albumins  of  the  serum 
are  not  identical. 

Finally  it  should  be  mentioned  that  Camus  and 
Rordet  obtained  precipitins  by  injections  of  fibrin. 

From  the  above  data  it  may  be  concluded  that 
the  most  active  principle  of  blood  in  exciting  the 
development  of  precipitins,  is  the  globulin.  Pos- 
sibly it  is  exclusively  the  globulin  which  pos- 
sesses this  property,  but  further  evidence  on  this 
point  is  required.  Peptones,  have  so  far  failed 
to  develop  precipitins. 

Precipiti.n's  for  \^eget.\ble  .\lbumins. — 
From  the  reports  of  Schutze  and  Kowarski.  it  ap- 
pears that  precipitins  have  been  obtained  for  vege- 
table albumins,  the  former  using  "roborate," 
while  Kowarski's  precipitin  for  wheat  albumose 
acted  also  on  albumoses  of  rye,  peas  and  barley, 
but  not  on  diat  of  oats.  Connected  with  the 
precipitins  for  vegetable  albumins  is  the  entire 
field  of  specific  bacterial  precipitins. 

The  above  series  of  observations  on  the  great 
variety  of  already  demonstrated  precipitins  has 
been  briefly  collated  for  the  purpose  of  presenting 
the  more  important  results  in  compact  form,  but 
especially  to  emphasize  from  the  medicolegal 
standpoint  that  the  existence  of  specific  precipi- 
tins is  not  an  isolated  scientific  fact,  but  that  the 
discovery  of  these  bodies  has  brought  to  light  a 
very  comprehensive  and  entirely  new  principle 
in  biology.  \ 

By  virtue  of  their  complex  molecular  constitu- 
tion the  various  members  of  the  different  classes 
of  proteids  of  the  animal  and  vegetable  kingdoms 
are  found  to  differ  from  each  other,  not  merely  in 
some  of  their  grosser  chemical  reactions,  but  by  a 
new  series  of  properties  of  obscure  character  in- 
deed but  no  more  surprising  and  no  less  definite 
than  that  recognized  in  meats  by  the  sense  of  taste. 
Moreover,  Ehrlich's  conception  of  the  mode  of 
origin  of  these  precipitins  and  other  antibodies  has 
offered  a  logical  explanation  of  these  peculiar  phe- 
nomena and  removed  much  of  the  obscurity  sur- 
rounding them.  The  factors  concerned  in  the 
precipitin  reaction  may  now  be  considered  in  de- 
tail. 

NATURE  OF  THE  PRECIPITIN   REACTION. 

For  the  full  discussion  of  the  principles  gov- 
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erninsj  the  development  and  action  of  precipitins, 
according  to  Elirlich's  conception  of  them,  the 
reader  is  referred  to  the  original  articles  of  Ehr- 
lich  and  to  the  summaries  of  Ritchie  in  English 
and  Aschofif  in  German.  Here  it  need  only  be 
said  that  the  precipitins  are  cast  off  cell  receptors 
(side  chains)  of  Order  II,  possessing  a  stable 
haptophore  group  uniting  with  the  coagulable 
molecule  and  a  more  or  less  labile  zymophore 
group,  which  exerts  a  precipitating  action  on  the 
affected  cell  or  molecule. 

As  to  the  nature  of  the  process  by  which  the 
large  proteid  molecule  is  precipitated  from  solu- 
tion, recourse  must  be  had  to  the  laws  governing 
variations  in  surface  tension. 

The  bodies  concerned  in  the  development  and 
action  of  precipitins  may  be  divided  into  three 
classes:  (a)  Those  exciting  the  development  of 
the  precipitating  substance  of  the  serum;  (b) 
those  constituting  the  precipitating  substance; 
(c)  those  constituting  the  precipitate  and  aft'ect- 
ing  its  formation. 

(a)  Substances  Exciting  the  Develop^ 
MENT  OF  PRECIPITINS. — From  the  foregoing  sec- 
tion it  will  be  seen  that  this  property  has  been 
shown  to  reside  in  most  classes  of  proteids  both 
animal  and  vegetable,  including  serum  globulin, 
and  the  globulins  separated  by  fractional  preci- 
tation  by  ammonium  sulphate,  [serum-]  and  egg- 
albumins,  albumins  of  tissue  cells,  vegetable  albu- 
moses,  and  gelatine ;  while  mucins  and  peptones 
have  not  yet  been  included  in  the  list. 

From  what  had  previously  been  shown,  regard- 
ing bacterial  immunizing  substances,  it  appeared 
likely  that  of  all  of  these  substances  the  globu- 
lins were  most  active  in  developing  precipitin, 
and  this  conclusion  has  been  strengthened  by  the 
results  of  manv  observers  working  with  blood 
precipitins.  Nolf  and  Biondi  failed  to  obtain  any 
precipitin  from  injections  of  pure  serum  albumin, 
while  in  the  reports  of  many  others,  who  suc- 
ceeded in  this  attempt,  there  has  been  little  effort 
to  compare  the  activities  of  the  serum  on  the  re- 
spective substances  injected. 

(b)  What  Constitutes  the  Precipitating 
Substance. — As  has  been  previously  shown  for 
the  majority  of  the  specific  antibodies,  the  precipi- 
tins belong  chiefly  or  exclusively  in  the  class  of 
globulins.  Yet  the  studies  on  which  this  general- 
ly accepted  conclusion  is  based  were  principally 
concerned  with  the  antibodies  for  injected  globu- 


lins,  so  that  it  is  jK-rliaps  Kk)  early  to  sa\  that  all 
precipitins  belong  in  the  class  of  globulins. 

Corin  by  saturation  with  .Mg.  sulph.  at  30°  C, 
precipitated  the  globulins  of  serum  prepared 
against  defibrinated  blood  and  found  a  4.5-per- 
cent, solution  of  this  precipitate  more  active  than 
the  original  serum.  Michaelis  precipitated  the 
globulins  by  partial  (  V,„)  saturation  with  amnion, 
sulph.,  and  found  the  precipitate  to  contain  prac- 
tically all  the  active  properties  of  the  serum,  and 
that  the  dissolved  precipitate  acted  only  on  globu- 
lins, not  on  serum  albumin.  Ziemke  found  the 
globulins  precipitated  by  ammonium  sulphate,  and 
dissolved  in  soda  solution,  less  active  than  the 
fresh  serum  and  therefore  could  not  full\-  endorse 
the  suggestion  of  Michaelis  to  precipitate  the 
globulins  in  order  to  preserve  the  active  principle 
of  the  serum.  Moreover  Pick  found  that  the  pre- 
cipitated globulins  of  typhoid  serum  deteriorated 
much  more  rapidly  with  age  or  b\-  heating 
than  did  the  original  serum.  The  precipitin  be- 
longing in  the  class  of  F.hrlich's  receptors  Order 
II,  as  already  mentioned,  contains  a  more  or  less 
labile  zymophore  group,  which  may  suffer  de- 
terioration while  the  haptophore  or  cell-binding 
group  is  still  intact.  Thus  arise  in  a  variety  of 
ways  the  inert  forms  of  precipitins  called  precipi- 
toids. 

(c)  Wh.^t  Constitutes  the  Precipitu.m. — 
That  the  precipitum  from  blood  serum  is  a  globu- 
lin was  first  claimed  by  Xolf.  from  the  fact  that 
his  antiglobulin  serum  precipitated  a  solution  of 
that  globulin,  but  not  one  of  serum  albumin.  Le- 
Blanc  came  to  the  same  conclusion  from  the  analy- 
sis of  the  precipitum  obtained  from  solutions  of 
hemoglobin.  P.  Miillcr  found  the  precipitum 
from  milk,  resulting  from  the  action  of  its 
antiserum,  to  consist  of  casein.  The  pre- 
cipitum also  contained  the  precipitin  itself, 
which  he  succeeded  in  extracting  in  active 
form  by  strong  acetic  acid.  \*on  Dungern  pre- 
cipitated by  its  antiserum  the  blood  of  Octaf>us 
vulgaris  which  contains  a  single  albumin,  hemo- 
cyanin,  characterized  by  a  3S-per  cent,  content 
of  Cu.  In  the  precipitum  he  recovered  a  consid- 
erable portion  of  Cu.  The  dissolved  precipitum 
was  non-dialyzablc. 

The  general  properties  of  the  precipitum  are 
those  of  albuminous  sulistances.  Tschistovitch 
found  the  sediment  of  eel  serum  insoluble  in  water 
or  alkaline  carbonates  or  neutral  salts,  but  soluble 
in  dilute  acids  and  alkalies.     It  was  non-toxic  to 


rabbits.  Bordet,  Michaelis  and  others  also  proved 
the  sohibiHty  of  the  precipituni  in  dihite  acids 
and  alkahes.  Uhlenhuth  dissolved  blood  precipi- 
tum  in  NH,  OH  and  H,,  PO^.  On  the  other 
hand  there  is  evidence  to  show  that  the  substance 
attacked  by  the  precipitin  is  not  necessarily  a  pro- 
teid,  hut  may  be  merelv  associated  with  or  de- 
rived from  the  proteids.  Thus  Obermayer  and 
Pick  found  that  the  precipitable  substance  of 
white  of  egg  may  be  altered  by  frequent  crystalli- 
zation and  by  digestion  with  pepsin,  so  that  it 
no  longer  gives  the  biuret  reaction,  although  still 
precipitating  with  antiserum.  Jacoby  and  Hauss- 
man  also  digested  ricin  and  abrin  with  trypsin,  de- 
stroying the  biuret  reaction,  but  the  usual  precip- 
itate followed  addition  of  antiricin.  Their  results 
do  not  indicate,  as  v.  Dungern  says,  that  the  mole- 
cule uniting  with  the  precipitin  was  not  originally 
comiected  with  the  natural  albumins  of  the  so- 
lution, but  they  at  least  show  that  these  albumins 
may  sutler  considerable  alteration  without  losing 
their  affinity  for  precipitin,  and  they  have  prac- 
tical bearing  on  the  results  of  the  precipitin  test 
in  decomposed  blood. 

The  relative  proportions  of  precipitin  and  pre- 
cipitable substance  entering  into  the  precipitate 
may  be  estimated  in  approximate  degree  in  the 
light  of  certain  observations.  Linossier  and  Le- 
moine  found  that  25  parts  of  an  active  humanized 
rabbit  serum  were  completely  neutralized  bv  one 
j)art  of  human  serum,  while  200  to  300  parts  of 
rabljit  serum  was  necessary  to  remove  the  precipi- 
table substance  from  one  part  of  human  serum. 
These  results  do  not  justify  more  than  the  con- 
clusion that  the  precipitin  is  usuallv  vastly  less 
abundant  than  the  precipitable  substance.  From 
the  investigations  of  Eisenberg  and  Volk  on  ty- 
phoid agglutinins,  it  is  evident  that  the  absorptive 
power  of  agglutinins  varies  with  their  dilution, 
being  greater  the  higher  the  dilution.  This  same 
rule  seems  to  apply  to  the  precipitins  and  has  im- 
portant bearing  on  the  technic  of  the  serum  test. 

ARTIFICIAL  AND  SPONTANEOUS  CHANGES    IN     PRE- 
CIPITIN SERUM. 

Effects  of  Age. — All  observers  have  found 
that  precipitin  sera  rather  rapidly  deteriorate  with 
age,  and  recommend  careful  preservation  in 
sealed  tubes,  on  ice,  and  in  the  dark.  There  are, 
however,  very  few  reports  regarding  the  duration 
of  active  properties  of  serum  thus  preserved,  and 
the  significance  of  such  reports  vary  greatly  with 


the  original  strength  of  the  serum.  Striibe  and 
Uhlenhiith  both  found  serum  still  active  after 
three  months,  tlie  latter  having  preserved  his 
si)ccimen  with  .5  per  cent,  carbolic  aciil.  The  ad- 
dition of  chloroform  commonly  recommended 
prevents  bacterial  growth,  but  does  not  save  the 
serum  from  gradual  deterioration.  From  such 
serum  Zienike  reports  considerably  diminished 
activity  after  more  than  three  months.  Okamoto 
found  his  chloroformed  serum  sealed  m  glass 
tubes  still  active  after  one  month,  but  inert  after 
two  or  three  months.  Corin  and  Stockis  found 
the  dog  globulins  still  active  after  two  months, 
but  do  not  report  on  their  later  condition.  Chiro- 
kikh  found  that  filter  paper  soaked  in  the  serum 
yielded  an  active  precipitin  solution  after  one 
month. 

We  were  unable  to  detect  any  loss  of  activity  of 
a  powerful  humanized  serum  after  ten  days  on  ice 
without  preservative.  The  serum  of  two  beef 
rabbits  kept  on  ice  with  chloroform  showed  no 
distinct  change,  one  after  sixty-three  days,  the 
other  after  eighty  days.  A  powerful  humanized 
serum  kept  ten  months  on  ice  with  chloroform, 
and  which  showed  a  greenish  discoloration  and 
had  probably  become  somewhat  concentrated  by 
evaporation,  still  gave  an  abundant  flocculent  pre- 
cipitate at  dilution  I  in  30  in  two  hours  in  human 
serum  i  in  100.  Controls  on  heterologous  blood 
were  negative  in  all  the  above  reports.  We  agree 
with  Ziemke  that  no  method  of  preservation  can 
replace  the  advantage  assured  by  working  with 
fresh  serum. 

Effects  of  He.\t. — Many  precipitins  have 
proved  comparatively  resistent  to  heat.  JacoDy 
found  antiricin  active  after  heating  for  two  hours 
at  60°  C.  M\ers  exposed  the  antisera  of  egg  al- 
bumins and  globulins  to  56°  C.  for  one-half  hour 
without  altering  their  activity.  Tschistovitch 
found  his  anti-eel  serum  less  active  after  heating 
to  60°  C,  and  inert  after  heating  to  70°  C.  Uhlen- 
huth's  antiserum  for  egg  albumins  was  un- 
changed by  heating  for  one  hour  at  60°  C.  Le- 
clainche  and  Vallee  heated  their  antiserum  from 
albuminous  urine  for  two  hours  at  58°  C,  with- 
out diminishing  its  activity.  Michaelis  destroyed 
his  blood  precipitin  by  two  hours'  exposure  at  68° 
C.  Biondi  concluded  that  blood  precipitin  serum 
bee^ins  to  lose  its  activity  when  heated  to  65°  to 
70°  C,  but  if  dry  resists  heating  up  to  130°  C. 
Eisenberg  found  the  dry  globulin  active  after 
heating  one-half  hour  at  100°  C,  but  inactive  af- 


ter  the  temperature  reached  130  to  135°  C.  One 
of  our  potent  beef  rabbit  sera  was  rendered  al- 
most entirely  inert  by  heatingf  in  a  water  bath  at 
55°  C.  for  fifteen  minutes,  while  not  a  trace  of 
reaction  occurred  after  heating  to  various  mode- 
rate temperatures  above  55°  C.  A  humanized 
rabbit  serum,  however,  lost  little  activity  by  heat- 
ing to  60°  C.  for  fifteen  minutes,  but  became 
practically  inert  after  fifteen  minutes'  exposure  at 
65°  C.  Michaelis  has  studied  extensively  the  in- 
hibition of  precipitin  reaction  by  heated  precipitin 
serum  and  other  agents.  He  finds  that  serum 
heated  to  72°  C.  loses  its  precipitating  proper- 
ties and  also  strongly  inhibits  the  action  of  fresh 
precipitin  serum  subsequently  added.  In  smaller 
quantities  the  heated  serum  merely  lengthens  the 
time  required  for  the  transformation  of  turbidity 
into  flocculent  precipitate.  An  excess  of  precipi- 
table  substance  also  prevents  the  formation  of 
precipitum  and  rapidly  dissolves  it  when  formed. 
Any  albuminous  solution  in  considerable  concen- 
tration inhibits  the  action  of  all  precipitin  sera. 

Action  of  Chemicals. — Many  salts,  as  NaCl, 
MgSO^  (NH4)  ^SO,,  have  no  deleterious  action 
on  precipitins,  and  are  employed  in  their  separa- 
tion. Antiricin  withstands  the  action  of  dilute 
H.,SOj,  and  XaOH,  at  37°  C.  for  one-half  hour, 
and  is  not  altered  by  pepsin  and  trypsin  (Jacoby), 
but  Micliaelis  destroyed  blood  precipitin  bv  diges- 
tion for  one  hour  with  pepsin  and  HCl,  although 
each  of  these  agents  alone  was  inert.  He  also  re- 
moved the  calcium  from  the  active  serum  by  oxal- 
ic acid  without  affecting  its  activity.  Pick  in  his 
comprehensive  studies  of  typho-precipitin  from 
the  horse  found  it  to  be  destroyed  by  digestion 
with  pepsin  or  trypsin,  by  strong  acidification,  by 
urea,  by  a  "few  drops"  of  formalin,  while  the 
presence  of  a  remnant  of  ammonium  sulphate  ren- 
dered the  precipitated  globulins  inactive ;  the 
serum  was  less  active  in  the  presence  of  .8  per 
cent,  salt  than  in  some  smaller  proportions  of  salt, 
and  calcium  salts  played  little  or  no  part  in  the 
reaction. 

F^ECiPiTOiDS. — The  spontaneous  development 
or  artificial  production  from  precipitins  of  a  sub- 
stance devoid  of  precipitating'  powers,  but  still 
capable  of  chemical  union  with  the  precipitable 
molecule  has  been  observed  for  many  of  the  pre- 
cipitins and  these  substances  are  called  precipi- 
toids. 

According  to  Ehrlich's  conception,  they  are  the 
precipitins  which  have  lost  the  zymophore  group. 


wliilc  retaining  tlie  liaptophore  group,  of  the  com- 
])lcx  molecule.  Their  development  and  action  are 
illustrated  in  experiments  with  lactose  serum  by 
I'.  -Miiller.  who  found  that  heated  lactose  serum, 
while  itself  no  longer  precipitating  the  albumins 
of  milk,  prevents  the  action  of  rennet  and  fresh 
lactose  serum  ,but  if  the  coagulins  are  first  re- 
moved heating  does  not  cause  the  serum  to  de- 
velop the  powers  of  an  anti-coagulin. 

CHANGES    IN    TIIF.    PRECIPITABLE    SUBSTANCE   AND 
THEIR   EKEECTS. 

The  precipitable  substance  may  be  exposed  to 
a  great  variety  of  inHuences,  natural  and  artificial, 
without  losing  its  susceptibility  to  the  precipitin, 
which,  however,  is  lost  when  the  albuminous 
molecule  is  dissociated  or  loses  its  receptor  for 
the  precipitin. 

F.i-EECTS  OF  Heat. — Tschistovitch  secured  less 
])recipitum  in  eel  sfrum  if  lieated  to  58°  C  and 
none  after  80°  C.  Leclainche  and  \'allee  found 
that  heating  albuminous  urine  two  hours  at  58° 
C,  diminished  its  response  to  antiserum  more 
than  similar  treatment  of  the  antiserum  itself. 
This  somewhat  anomalous  result  may  perhaps  be 
referred  to  the  disturbing  action  of  urea  ( cf. 
Pick).  Xuttall  concluded  that  blood  precipitin 
and  the  precipitable  substance  are  about  equally 
resistent  to  heat,  as  dried  serum  heated  one-half 
hour  at  100°  C.  still  reacted,  while  serum  diluted 
I  in  100  was  unafifected  at  55°  C,  but  failed  to 
react  after  heating  to  100°  C.  Eisenberg  was  un- 
able to  destroy  the  reaction  of  dried  bacterial  pre- 
cipitins or  precipitable  substance  until  the  tem- 
perature reached  130  to  135°  C,  for  one-half 
hour.  Ferrai  reports  partial  or  complete  loss  of 
reaction  from  blood  stains  heated  to  130°  C.  for 
one  hour,  140°  for  twenty  minutes,  150°  for  ten 
minutes,  and  160°  for  five  minutes.  Fiiondi  places 
the  limit  of  resistance  to  heating  of  dried  blood 
at  above  130°  C,  finding  some  specimens  to  react 
after  exposure  to  this  temperature.  Okamoto 
obtained  distinct  coagula  from  blood  stains  heat- 
ed one-half  hour  at  50°  and  100°  C,  but  nega- 
tive results  with  stains  heated  one  hour  to  150° 
C.  Obermayer  and  Pick^  find  that  beef  serum 
heated  to  60°  or  70°  C.  not  only  fails  to  react  to 
its  antiserum,  but  also  inhibits  the  action  of  pre- 
cipitin upon  fresh  serum  when  added  to  that 
serum   in   certain   proportions.     Corin   finds  the 
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precipitin  reaction  favored  between  temperatures 
of  37°  and  50°  C. 

Drying  seems  to  preserve  indefinitely  the  spe- 
cial properties  of  the  precipitable  albumins  of 
blood,  but  not  without  some  deterioration.  Thus 
Zicmke  secured  a  definite  reaction  from  an  ex- 
tract of  the  stomach  of  a  ten-year-old  mummified 
cadaver,  from  dry  stains  two,  nine,  fifteen  and 
twenty-five  years  old,  from  five-year-old  stains  on 
rusty  knives,  from  an  eight-year-old  washed  stain, 
and  from  blood  one  and  three  years  in  earth.  Yet 
most  of  the  old  stains  did  not  react  strongly, 
yielding  only  turbidity  without  flocculent  precip- 
itate, and  one  ten  years  old,  on  a  shirt,  failed  to 
react  at  all. 

Uhlenhuth  obtained  a  reaction  (turbidity)  in 
one  minute  with  blood  stains  six  to  twelve  years 
old,  and  Biondi  secured  definite  reactions  with 
stains  one  to  fifteen  years  old,  but  failed  with  one 
twenty  years  old.  Graham-Smith  and  Sanger  ob- 
tained slight  or  marked  turbidities  in  five  to  sixty 
minutes  with  nearly  all  of  29  stains  three  to  thir- 
ty years  old,  from  the  Scotland  Yard  Museum,  17 
of  which  came  from  knives  which  had  been 
smeared  with  oil  to  prevent  rusting.  These 
authors  found  that  fluid  sera  and  egg  albumin 
nine  and  fourteen  months  old  had  lost  respective- 
ly 7  per  cent,  and  12  per  cent,  in  precipitum,  while 
one  specimen  of  egg  albumin  nine  months  old  had 
lost  33  per  cent.  Okamoto,  1903,  obtained  very 
feeble  reactions  from  dried  blood  on  wood  and 
limestone  dating  from  1867,  and  1874.  but  abun- 
dant precipitate  from  a  dry  blood  clot  preserved 
from  a  venesection  in  1874.  Some  observers  re- 
port reactions  from  decomposing  blood,  and  from 
mixtures  of  several  bloods.  Uhlenhuth  passed 
through  the  Berkefeld  filter  extracts  in  normal 
salt  solution  of  several  specimens  of  alkaline  de- 
composing blood,  from  man  and  animals,  and  ob- 
tained reactions,  prompt  turbidity,  only  with  cor- 
responding antisera.  Soapy  washings  of  blood 
stains,  urine,  blood  frozen  two  weeks,  and  car- 
bonic oxide  blood,  all  gave  the  same  result. 
Ziemke  secured  reactions  from  recently  decom- 
posed blood  and  from  a  three-year-old  decom- 
posed cadaver.  Graham-Smith  and  Sanger  grew 
various  putrefactive  organisms  thirty-six  to  fifty 
days  in  pleuritic  exudate,  beef  serum,  and  horse 
serum,  and  found  usually  a  decrease  of  precipi- 
tum from  20  to  50  per  cent.,  but  with  some  putre- 
factive species  (unnamed),  and  in  all  the  speci- 
mens  of  horse   serum    the    precipitum   was   in- 
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creased,  once  as  mucli  as  24  per  cent.  All  were 
slijjhtly  alkaline  or  neutral  in  reaction,  and  con- 
trol tests  were  negative.  From  Okamoto's  ex- 
periments it  must  be  concluded  that  the  presence 
of  ammonia  in  old  or  decomposing  blood  may  pre- 
vent precipitation. 

Effects  of  Acids  ox  the  Precipitable  Sub- 
stance.— As  the  prccipitum  is  soluble  in  rather 
weak  acids  and  alkalis  any  great  variation  from 
a  neutral  reaction  of  the  tested  solution  must  be 
avoided.  According  to  Linossier  and  Lemoine 
and  Rostocki  a  slight  acid  reaction  favors  precipi- 
tation, while  alkalinity  hinders  it.  Theseobser- 
vations  accord  with  Pick's  conclusion  that  the  prc- 
cipitum most  resembles  an  alkali-albumin. 
Alichaelis  finds  that  human  blood  precipitum  is 
soluble  in  dilute  acids  and  alkalis  and  reprecipi- 
tated  by  neutralization.  Graham-Smith  and  San- 
ger tested  the  action  in  .6-per-cent.  salt  solution 
of  various  acids,  sulphuric,  nitric,  hydrochloric, 
acetic,  oxalic,  tartaric,  carbolic,  pitric,  citric,  sali- 
cylic and  chinosol.  All  of  these  in  dilutions  up  to 
and  including  i  in  10,000,  caused  turbidities  on 
addition  of  test  serum,  except  carbolic  and  sali- 
cylic, which  were  without  effect  in  dilutions  of  i 
in  1,000  and  above.  Some  inorganic  acids,  how- 
ever, caused  very  little  clouding  at  I  in  100,  al- 
though more  active  both  above  and  below  this  di- 
lution. Strong  alkalis  were  less  uniform  in  ac- 
tion, caustic  potash  and  soda  caused  turbidities  in 
I  to  1,000  dilution,  while  sodium  carbonate  and 
ammonia  were  inert  at  i  in  10  and  above,  and 
were  therefore  available  for  neutralization  of  acid 
fluids.  They  found  that  small  quantities  of  acid 
or  alkali,  especially  of  acid,  diminished  the  quan- 
tity of  precipitum.  They  concluded  that  it  is 
necessarv  to  test  the  reaction  to  litmus  of  all  so- 
lutions of  doubtful  source  and  to  neutralize  if 
they  are  found  decidedly  acid  or  alkaline.  In 
testing  old  blood  stains  from  leather  they  found 
the  solutions  acid,  except  those  from  chamois 
leather,  which  were  alkaline.  Neutralization  by 
sodium  carbonate  was  therefore  necessary  before 
adding  the  serum.  A  thick,  polished  yellow 
leather  gave  a  highly  acid  reaction,  and  no  meth- 
od of  neutralization  could  be  found  which  per- 
mitted the  successful  use  of  the  test.  The  destruc- 
tion of  the  precipitable  substance  was  referable 
apparentlv  to  the  tannin  which  in  dilution  of  i 
in  1. 000  clouds  serum  heavily.  One  of  us  was 
unable  to  obtain  a  specific  reaction  from  human 
blood  which  had  dried  two  months  on  shoes  of 


a  moderately  cheap  quality  of  red  leather.  All 
of  the  solutions  of  the  stains  in  .6  per  cent,  salt 
gradually  yielded  spontaneously  an  abundant  al- 
buminous precipitate  without  the  addition  of  any 
serum,  and  the  decanted  clear  fluid  continued  to 
precipitate  various  sera  subsequently  added — 
probably  from  the  presence  of  tannin.  All  the 
solutions  were  neutral  to  litmus.  Okamoto  also 
reports  spontaneous  precipitates  from  solutions  of 
blood  stains  on  leather.  Since  ammonia  and 
phosphoric  acid  dissolve  the  precipitin  (Uhlen- 
huth).  the  presence  of  these  agents  may  prevent 
the  reaction. 

.\cTioN  OF  Salts  on  the  Precipit.\ble  Sub- 
stance.— In  order  to  avoid  spontaneous  precipi- 
tation of  albumins  a  certain  proportion  of  salt 
must  be  present  in  the  solvent,  since  solutions  of 
blood  in  distilled  water  slowly  become  cloudy  and 
deposit  a  sediment  in  twenty-four  hours.  Nor- 
mal salt  solution.  .6  to  .9  per  cent.,  has  proven  the 
best  solvent  from  which  spontaneous  precipitates 
rarely  occur  in  twenty-four  hours.  Linoissier  and 
Lemoine  using  i  in  20  solution  of  blood  report 
that  I  per  cent,  of  salt  gives  precipitation,  while 
5  per  cent,  completely  arrests  it.  On  the  con- 
trary, Eisenberg  and  Rostocki  find  no  difference 
in  the  quantity  of  precipitum  when  the  proportion 
of  salt  reached  10  to  18  per  cent.  Graham-Smith 
and  Sanger  tested  human  blood  solutions  with  in- 
creasing quantities  of  salt  from  .6  per  cent,  to 
saturation.  At  i  per  cent,  the  precipitum  was 
slightly  diminished  (12  per  cent.),  at  2  per  cent, 
of  salt  content  almost  the  full  amount  was  ob- 
tained ;  at  3  per  cent,  there  was  again  a  diminu- 
tion, after  which  the  precipitum  increased  until 
with  saturation  the  precipitum  reached  133.8  per 
cent.  \'ery  different  results,  however,  were 
obtained  with  sheep  serum.  Beyond  the  fact  that 
normal  salt  solution  is  the  best  diluent,  present 
data  do  not.  therefore,  permit  us  to  state  rules  re- 
garding the  influence  of  salt  on  the  precipitin  re- 
action. The  same  authors  found  turbidities  to 
arise  on  the  addition  to  tested  fluids,  of  sodium 
and  potassium  tartrate  10  per  cent.,  sodium  ace- 
tate one  per  cent.,  potassium  cyanide  one  per 
cent.,  borax  one  per  cent.,  while  sodium  ci- 
tiate,  magnesium  sulphate,  and  potassium  nitrate 
and  chlorate,  were  inert. 

Action  of  E.vrtii  on  Blood. — Several  ob- 
servers have  secured  positive  reactions  from  blood 
mixed  with  earth,  and  the  effects  of  such  mix- 
tures  have   been   studied   in    detail   bv   Graham- 
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Smith  and  Sanger.  Tliey  mixed  equal  quantities 
of  human  serum  witli  detritus  of  chalk,  red 
brick,  Pasteur  filter,  lierkefcld  filter,  ordinary 
earth,  white  brick,  mortar,  and  lime,  one 
specimen  of  each  being  kept  dry,  and  one 
wet,  for  four  days,  with  the  result  that 
there  was  in  all  well  marked  diminution  in 
the  quantity  of  precipitum,  average  20  to 
30  per  cent.,  while  mortar  and  lime  completely 
destroyed  the  precipitin  substance.  They  found 
that  the  lime  in  ordinary  earth  precipitates  test 
serum  and  must  be  removed  by  a  current  of  CO, 
which  does  not  interfere  with  the  precipitin  re- 
action, but  that  the  lime  of  ordinary  eartii  does 
not  seriously  affect  the  prccipitable  substance  of 
blood  mixed  with  it. 

In  this  connection  the  writers  may  record  a 
complete  failure  of  many  attempts  to  secure  a  re- 
action from  human  blood  mixed  for  three  months 
in  earth  containing  nuich  decomposing  vegetable 
matter.  Ziemke's  results  with  certain  specimens 
of  blood  mixed  with  earth,  one  to  three  years, 
must  also  be  regarded  as  negative.  Okamoto 
found  that  solutions  of  blood  from  sand  and  mor- 
tar sometimes  gave  spontaneous  precipitates. 

Effect  of  Antiskptics. — Carbolic  acid  or 
chloroform  are  commonly  employed  to  inhibit 
bacterial  growth  in  antisera  and  in  tested  fluids 
requiring  observation  longer  than  three  hours. 
Yet  each  of  these  agents  in  concentrated  form 
precipitates  albumins  from  serum  and  gives  tur- 
bidity if  present  in  proportion  of  one  per  cent, 
or  more.  Under  one  per  cent,  they  are  inert. 
Graham-Smith  and  Sanger  tested  the  action  of 
several  antiseptics.  Mercuric  bichloride  and  sil- 
ver nitrate  clouded  serum  at  i  in  10.000  dilution  ; 
copper  sulphate  at  i  in  100,000.  formalin,  thymol, 
benzol,  toluol,  xylol,  and  ether,  at  i  in  100.  Lysol 
and  lysoform  in  high  dilutions  also  produced  tur- 
bidity. 

Results  Obtained  from  Blood  St.mns  on 
Miscellaneous  Materials. — The  writers  ob- 
tained an  abundant  spurious  reaction  from  blood 
stains  on  wall-paper.  Controls  made  from  un- 
stained portions  of  the  wall-paper  gave  abundant 
precipitates  with  different  anti.sera.  showing  that 
the  precipitation  resulted  from  the  action  of  some 
chemical  in  the  paper.  The  solutions  were  neu- 
tral. Craham-Smith  and  Sanger  report  pro- 
nounced spurious  reactions  from  ten  samples  of 
wall-paper. 

The\'  obtained  good  reactions   from  one  thick 


blood  stain  on  oak.  hut  the  test  failetl  with  minute 
stains  on  cedar  and  pine.  Most  observers  have 
encountered  no  difficulty  with  stains  on  wood. 
One  of  us  was  unable  to  obtain  satisfactory  re- 
sults from  human  blood  stains  on  starched  cuffs 
owing  apparently  to  the  presence  of  dissolved 
starch  in  the  solution,  which  gave  marked  tur- 
bidity with  various  antisera. 

Spontaneous  Precipitates. — A  short  experi- 
ence in  the  medicolegal  use  of  precipitin  sera  will 
seldom  fail  to  include  the  occurrence  of  spontane- 
ous turbidities,  and  precipitates,  in  solutions  pre- 
pared for  testing.  These  are  usually  referable  to 
the  presence  in  the  solution  of  chemicals  con- 
tained in  the  material  on  which  the  blood  is  found. 
Okamoto  observed  such  precipitates  in  solutions 
of  blood  stains  on  leather,  sand  and  mortar.  The 
writers  have  observed  them  in  solutions  of  blood 
stains  on  shoe  leather  and  shoe  strings,  and  in 
one  case  in  which  vegetable  albumins  were  dis- 
solved from  a  rusty  knife. 

SPECIFICITY    OF    PRECIPITIN    REACTIONS. 

The  first  observations  of  workers  dealing  with 
sera  of  moderate  potency  and  mixing  the  sera  in 
indefinite  proportions  rather  uniformly  indicated 
that  the  reactions  of  precipitins  were  almost  if 
not  quite  specific.  Yet  from  the  first  a  certain 
degree  of  similarity  in  the  reactions  of  blood  of 
closely  related  animals  was  observed.  Bordet 
found  his  chicken  precipitin  to  affect  also  pigeon 
blood,  and  Myers'  chicken-egg  precipitin  was  ac- 
tive with  duck's  egg,  and  his  sheep  globulin  serum 
affected  egg-albumin  and  ox-globulin.  Uhlen- 
huth's  potent  hen's  egg-albumin  serum  while  ac- 
tive with  pigeon  egg-albumin,  was  entirely  inert 
on  other  varieties  of  commercial  albumins.  Le- 
clainche  and  Vallee  found  their  serum  obtained 
with  albuminous  urine  precipitated  human  pleu- 
ritic exudate  but  not  human  blood  serum  or  serum 
from  the  horse,  donkey,  sheep  or  beef. 

Wassermann  and  Schutze  declared  in  favor  of 
the  medicolegal  value  of  the  test,  on  finding  that 
their  humanized  rabbit  serum  failed  to  apprecia- 
bly affect  any  one  of  23  different  animal  bloods, 
except  that  of  the  baboon,  which  reacted  more 
slowly  and  incompletely  than  human  blood.  Stern 
also  found  that  a  humanized  serum  negative  to 
horse,  ox,  sheep,  and  pig  bloods,  gave  a  feeble 
reaction  with  the  blood  of  three  species  of 
monkey.  It  soon  became  apparent  that  the  more 
potent  the  serum  the  more  pronounced,  under  the 
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usual  conditions  is  its  effect  on  alien  bloods. 
Chirokikh  and  Xiedrijjailow.  using  active  human- 
ized sera  obtained  precipitates,  in  the  course  of 
four  to  five  hours,  in  all  of  several  animal  bloods 
tested. 

Nolf's  dog  blood  precipitin,  Uhlenhuth's  beef 
and  humanized  sera,  and  Wassermann's  and 
Stern's  humanized  sera,  were  all  rep)orted  to  be 
specific  for  the  blood  used  in  the  injections,  but 
the  exact  dilutions  were  imperfectly  stated.  Uh- 
lenhuth,  not  attempting  to  calibrate  the  serum, 
was  unable  to  distinguish  from  each  other  the 
blood  of  the  chicken,  goose,  duck,  guinea-hen  and 
pigeon. 

Strube  was  among  the  first  to  point  out  the  ac- 
tivity of  humanized  sera  on  other  than  human 
blood,  finding  that  a  powerful  serum  precipitating 
human  blood  in  a  dilution  of  I  in  5,000  gave 
a  precipitate  also  in  monkey,  guinea-pig,  chicken, 
swine,  calf,  dog.  pigeon,  and  sheep  bloods.  He 
speaks  of  instant  turbidity  occurring  on  the  ad- 
dition of  this  serum  to  chicken  blood  in  propor- 
tion of  I  in  50.  This  is  a  very  unusual  experi- 
ence. Using  a  more  powerful  humanized  serum 
active  in  dilution  of  i  in  20.000  (?)  he  found  no 
reaction  in  a  series  of  other  animal  bloods  when 
the  scrum  was  diluted  at  least  i  in  100  and  almost 
no  trace  at  i  in  10.  He  found  that  human  blood 
was  more  actively  precipitated  by  horse  and  beef 
antisera  than  by  hog  antiserum.  He  fails  to  state 
the  exact  details  of  these  tests  but  the  results  were 
sufficient  to  point  out  the  necessity  of  controlling 
the  dilution  of  the  test  serum,  and  of  determining 
by  actual  experiment  what  individual  peculiarities 
each  serum  may  exhibit. 

Xuttall  in  an  extensive  study  not  yet  completed 
has  shown  that  the  reactions  with  potent  sera  ex- 
tend over  closely  related  classes  in  the  animal 
kingdom.  Testing  several  antisera  on  the  blood  of 
over  500  animals  of  various  classes  he  finds  that  a 
'  mammalian  antiserum  affects  in  varying  degree 
the  blood  of  nearly  all  mammals,  but  not  without 
striking  exceptions.  Such  sera  however  fail  en- 
tirely to  affect  the  blood  of  birds  or  reptiles.  A 
reptilian  or  avian  antiserum,  while  active  in  many 
birds  and  reptiles,  fails  to  touch  mammalian  blood. 
Dealing  with  mammals  he  found  that  humanized 
antiserum  was  almost  as  active  on  the  blood  of 
the  high  monkeys.  Siniiidcr.  as  on  human  blood, 
less  active  with  the  Ccrco[>ithcci(i(r.  very  slightly 
w-ith  the  H  a  f'a  I  idee,  and  Ccbidcc. 

Similar  results  were  secured  with  r",riinbaum's 
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aiiticliimpaiizco  serum.  Antihorsc  serum  pre- 
cipitated the  blood  of  ei^lit  species  of  Canidce, 
but  was  entirely  inert  with  499  other  bloods.  An- 
tibeef  serum  affected  the  blood  of  most  ruminants. 
Antipig  serum  proved  unusually  ditTuse  in  its 
effects,  cloudini;  the  hloinl  of  man,  nionkew  mar- 
supial, bat,  and  porpoise.  Antifowl  serum  acted 
more  or  less  on  all  avian  bloods  tested,  but  not  on 
357  other  bloods.  A  powerful  anti-egg  serum  af- 
fected slightly  the  blood  of  the  alligator.  Sev- 
eral reptilian  antisera  proved  highly  specific  in 
their  subclasses,  that  of  the  alligator  affecting 
only  the  alligator  and  turtle,  out  of  500  bloods. 
Lobster  antiserum  precipitated  lobster  and  crab 
blood  only,  from  503  bloods  tested,  and  frog  anti- 
.serum  had  no  effect  on  50S  non-batrachian  bloods. 

It  is  important  to  note  in  reference  to  Nuttall's 
reports  that  "none  of  the  reactions  in  heterolo- 
gous bloods  would  ever  be  mistaken  for  a  full 
reaction  such  as  homologous  blood  gives."  This 
statement  does  not  apply  to  the  reactions  of  hu- 
manized serum  on  the  blood  of  higher  monkeys. 

The  attempt  to  define  a  specific  reaction  must 
consider  several  factors  entering  into  the  re- 
action:  {a)  The  potency  of  the  serum;  {b)  the 
dilution  of  the  serum;  (c)  the  time  elapsing;  (d) 
the  concentration  of  albumins  in  the  tested  fluid. 

It  has  been  shown  that  the  more  powerful  the 
serum  the  wider  is  the  scope  of  its  action  on  the 
blood  of  related  animals.  Thus  a  feeble  humanized 
rabbit  serum  in  dilution  of  i  to  5  may  have  no  ef- 
fect whatever  on  any  but  human  and  monkey 
bloods,  while  a  very  active  humanized  rabbit  ser- 
um in  the  same  dilution  may  precipitate  the  blood 
of  several  domestic  animals.  It  might,  at  first 
sight,  appear  better,  and  has  been  formally  rec- 
ommended by  Wasserman,  to  avoid  the  use  of 
very  potent  sera  in  medicolegal  work.  On  the 
contrary  it  has  been  fully  demonstrated  by  Kister 
and  Wolff,  and  in  the  experience  of  the  writers, 
that  the  more  powerful  sera,  permitting  of  rather 
high  dilution,  give  much  more  reliable  results 
than  can  be  obtained  by  weaker  sera  less  diluted. 
Overimmunized  animals  whose  sera  are  relative- 
Iv  more  potent  with  heterologous  than  with  hom- 
ologous blood  are  theoretically  possible,  but  have 
not  yet  been  observed. 

If  one  compares  the  action  of  a  weak  serum 
precipitating  human  blood  only  in  dilution  of 
1  in  15  and  heterologous  bloods  in  dilution  of  i 
in  I ,  with  that  of  a  powerful  serum  potent  against 
human  blood  in  dilution   I   in  200  but  increased 


in  activity  on  heterologous  bkxjd  only  up  to  i  in 
lo,  it  will  be  seen  that  with  the  more  potent  se- 
rum the  limits  between  dilutions  precipitating  hu- 
man and  heterologous  bloods  are  very  much 
greater  than  with  the  weaker  serum,  i.e.,  as  190 
is  to  15.  Hence  the  powerful  serum  may  be  safe- 
ly diluted  far  beyond  the  point  when  it  can  affect 
heterologous  bloods. 

Moreover,  it  is  only  the  more  powerful  sera 
which  can  be  relied  upon  to  cause  precipitates  with 
the  minute  quantities  of  blood  frequently  en- 
countered in  medicolegal  work. 

Nuttall  has  studied  extensively  the  grades  of 
reaction  of  various  antisera  on  related  animals 
and  suggested  a  method  of  measuring  the  degree 
•of  reaction.  This  method  involves  the  calibra- 
tion of  the  test  serum  and  tested  blood  and  the  es- 
timation of  the  bulk  of  the  precipitate  formed 
after  forty-eight  to  seventy-two  hours,  beyond 
which  time  the  precipitin  docs  not  vary. 

The  detailed  results  thus  obtained  have  not 
yet  appeared,  but  Smith  and  Sanger  describe  the 
method  as  follows :  By  means  of  an  accurately 
graduated  pipette  .5  c.c.  of  a  i  in  21  dilution  of 
serum  in  .6  per  cent,  salt  solution  is  placed  in  a 
small  clean  dry  test-tube,  and  .1  c.c.  of  antiserum 
added. 

After  thoroughly  mixing,  the  specimen  stands 
twenty-four  hours  when  the  precipitum  settles. 
The  supernatant  fluid  is  pipetted  ofT  and  the  pre- 
cipitum drawn  into  a  capillary  tube  which  is 
sealed  and  allowed  to  stand  for  seventy-two 
hours. 

The  bulk  of  the  precipitum  is  then  read  from 
the  tube  which  is  graduated  in  cubic  centimeters. 
The  average  quantities  of  precipitum  obtained 
by  adding  their  antisera  to  human  and  beef  blood 
in  the  above  preparations  were  .0293  c.c.  for  the 
human  blood  and  .0233  c.c.  for  the  beef  blood. 
This  method  is  not  claimed  to  escape  errors  of 
less  than  10  per  cent.,  arising  mainly  from  varia- 
tions in  the  quality  of  the  precipitum.  It  is 
specially  adapted  to  experimental  studies  and 
measuring  of  blood  relations  among  animal 
species  but  does  not  appear  fortunately  adapted 
for  medicolegal  work. 

Kister  and  WolfT  have  very  clearly  shown  that 
Tjy  proper  dilution  of  the  test-serum,  reactions  in 
"heterologous  blood  may  be  avoided.  Working 
with  horse  precipitin  from  the  rabbit,  they  found 
that  when  the  test  serum  was  added  in  proportion 
■of  I  in  5  to  solutions  of  serum  diluted  i  in  10  or  up 


to  I  in  320,  instant  tnrbidity  appeared  in  sheep^ 
human,  beef,  and  swine  blood,  as  well  as  in  horse 
blood.  Wlieii  the  test  serum  was  diluted  I  in 
50,  although  turbidities  formed  in  one  of  the 
above  heterologous  bloods,  no  flocculi  appeared 
in  two  hours,  except  in  horse  blood,  which  gave 
a  flocculent  precipitate  in  thirty  minutes.  With 
dilutions  of  test  serum  I  in  100  the  heterologous 
bloods  failed  to  react  except  by  very  faint  tur- 
bidity, while  in  horse  blood  the  reaction  was  but 
slightly  diminished.  Sheep  precipitin  from  the 
rabbit  failed  to  effect  human  blood  in  any  dilution. 
Throughout  their  experiments  the  most  distinct 
turliidities  usually  appeared  in  the  more  concen- 
trated solutions  of  blood  but  usually  the  turbidi- 
ties became  flocculent  first  in  the  weaker  solutions 
of  blood. 

The  writers  have  tested  various  antisera  with 
a  view  to  determine  under  what  conditions  the 
reactions  in  heterologous  bloods  may  be  avoided. _ 
and  without  danger  of  error  from  the  personal 
equation  in  judging  the  reaction.  The  action  was 
first  tested  of  normal  rabbit  serum,  added  in  pro- 
portion of  I  in  I  to  fresh  serum  of  man,  beef, 
sheep,  goat,  horse,  rabbit,  dog,  cat,  and  chicken, 
diluted  1  in  10.  i  in  50.  and  i  in  100.  Faint  tur- 
bidities were  sometimes  produced,  but  none  of 
these  were  pronounced  and  none  became  flocculent 
until  bacteria  developed.  Four  humanized  rabbit 
sera  were  then  tested  on  the  same  bloods  diluted 
from  I  in  10  to  I  in  500.  The  most  active  of  these 
sera  caused  a  flocculent  precipitate  in  two  hours, 
in  human  blood  diluted  i  in  100  when  added  in  the 
proportion  of  I  in  200.  The  others  were  slightly 
less  active.  The  results  with  these  four  sera 
varied  considerably,  some  proving  more  specific 
than  others.  When  diluted  less  than  i  in  30  all 
of  the  sera  occasionally  produced  turbidities  in 
heterologous  bloods.  These  turbidities  were 
usually  slight  and  none  of  them  obtained  by  di- 
lution of  test-serum  i  in  30  became  flocculent  in 
three  hours,  while  all  of  them  caused  flocculent 
precipitates  in  three  hours  in  human  blood  without 
regard  to  the  dilution  of  this  blood,  when  added 
in  dilution  I  in  30  or  even  i  in  100.  It  thus  ap- 
peared that  in  order  to  obtain  a  specific  reaction 
for  human  blood  free  from  danger  of  error  from 
the  personal  equation,  one  had  to  dilute  these 
antisera  at  least  i  in  30,  and  require  a  distinct 
flocculent  precipitate  within  three  hours  at  37°  C. 
(See  Table  l.) 


It  was  noted  that  among  the  animals  tested, 
sheep,  beef,  and  goat  blood  leacted  more  than  the 
others,  while  horse,  cat,  rabbit,  and  dog  bloods  re- 
acted very  faintly,  or  not  at  all,  and  only  with 
the  earlier  dilutions  of  the  serum.  The  reactions 
with  monkey  blood  will  be  considered  later.  The 
most  active  serum  followed  the  rule  of  affecting 
most  prominently  the  heterologous  bloods  but 
proved  the  most  satisfactory  to  work  with  since  it 
precipitated  human  serum  in  two  hours  when  di- 
luted I  in  200,  far  beyond  the  dilution  where 
heterologous  bloods  gave  any  response  whatever. 
Even  the  lower  monkey  bloods,  Java,  rhoesus,  ba- 
boon, failed  to  react  with  this  serum  diluted  1  in 
100. 

Next,  a  potent  beef-rabbit  serum  was  tested  on 
the  above  specimens  of  blood  serum  with  results 
similar  to  those  reported  by  Kister  and  Wolff  for 
horse-rabbit  serum.  This  serum  in  dilutions  of 
I  in  i;  caused  flocculent  precipitates  in  nearlv  all 
the  bloods  within  three  hours.  In  dilution  of  I  in 
10  (test-serum),  beef,  sheep,  and  goat  blcxid.  re- 
acted alike.  At  dilution  of  i  in  30  (test-serum) 
sheen  blood  failed  to  react,  but  a  dilution  of  i  in 
50  ( test-scrum  ]  was  required  before  the  goat 
blood  gave  no  tlocculi.  At  i  in  100  (test-serum), 
the  beef  blood  still  gave  a  flocculent  precipitate 
in  two  hours.     (See  Table  II.) 

Throughout  the  above  series  of  tests,  which 
numbered  several  thousand,  it  was  rather  uni- 
formly observed  that  the  flocculent  precipitates 
formed  most  rapidly  in  dilutions  of  blood  of  about 
I  in  100.  It  was  frequently  noted  that  in  the  tube 
of  blood  diluted  i  in  10  or  i  in  20.  the  turbidity 
failed  to  show  any  flocculent  character  at  a  time 
when  in  dilution  of  i  in  100  the  precipitate  had 
fallen  to  the  bottom,  all  the  tubes  having  received 
the  same  amount  of  test  serum.  The  most  impor- 
tant factor  in  this  result  appears  to  be  the  in- 
hibiting effect  on  the  formation  of  flocculi  exerted 
by  the  higher  content  of  albumins.  As  the  result 
was  the  same  with  different  quantities  of  test  ser- 
um it  does  not  seem  possible  to  refer  it  to  different 
degrees  of  saturation  of  the  precipitable  molecule 
with  precipitin,  although  this  factor  may  be  promi- 
nently concerned.  Eisenberg  refers  it  to  a  rela- 
tive solubilitv  of  the  precipitum  in  an  excess  of 
precipitable  substance. 

Finding  that  each  test  scrum  varied  in  its 
strength  and  specificity  of  action,  it  was  thought 
possible  that  a  precipitin  prepared  in  an  animal 
more  distantly  related  might  yield  a  more  spe- 
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cific  precipitin,  since  the  scope  of  its  cell-recep- 
tors might  not  include  so  many  of  those  jointly 
shared  by  mammalia.  Accordingly,  a  chicken  was 
iinnnmized  b\-  fifteen  injections  each  of  lo  c.c.  de- 
fibrinated  rabbit  blood.  Its  serum  proved  very 
faintly  hemolytic,  but  powerfully  agglutinating 
for  chicken  blood  cells,  and  caused  precipitates  in 
dilution  i  in  loo.  This  serum  had  no  effect  on 
monkey  and  human  blood  in  any  dilution,  but 
acted  diffusely  on  the  sera  of  several  domestic 
animals.  Another  chicken  received  7  injections 
of  10  c.c.  of  human  placental  blood.  Its  serum 
failed  to  affect  the  sera  of  domestic  animals,  or 
lower  monkeys,  in  any  dilution,  1  in  I  or  higher, 
but  produced  an  abundant  flocculent  precipitate  in 
buman  blood  i  in  100.  when  added  in  a  dilution  of 
I  in  50  (test-serum)  in  ninety  minutes. 

From  the  above  experiences  it  seems  possible 
to  define  the  essential  features  of  a  specific  reac- 
tion with  the  precipitin  test.  Regarding  the  po- 
tency of  the  serum  it  must  be  concluded  that  only 
the  more  active  sera  can  safely  be  employed,  such 
as  cause  flocculent  precipitates  in  three  hours 
when  added  in  proportion  of  i  of  test  serum  to 
100  of  blood  solution. 

A  potent  serum  is  especially  necessary  when 
dealing  with  small  blood  stains.  As  the  more  po- 
tent sera  are  more  diffuse  in  their  action,  and 
show  certain  individual  variations  in  their  effects 
on  heterologous  blood,  it  becomes  advisable  to 
test  each  serum  on  the  blood  of  several  domestic 
animals.  The  chicken  may.  provisionally,  be  rec- 
ommended as  an  animal  producing  a  more  specific 
luiman  precipitin  than  the  rabbit.  The  dilution 
of  the  test  seruvi  must  be  high  enough  to  rule  out 
spurious  reactions  from  heterologous  bloods.  It 
mav  safely  be  concluded  that  when  test  serum  is 
added  to  dilute  solutions  of  blood  in  the  propor- 
tion of  I  of  test  serum  to  50  of  blood  solution, 
only  human  and  monkey  bloods  will  give  more 
than  faint  turbidities,  and  that  a  dilution  of  i  in 
50  is  therefore  a  safe  limit  to  prescribe.  A  dilu- 
tion of  I  in  100  (test  serum)  may  better  be  em- 
ployed when  the  material  to  be  tested  is  abundant, 
but  with  very  small  stains,  yielding  very  weak 
solutions,  this  dilution  of  the  test  serum  may  fail 
to  give  a  satisfactory  reaction. 

The  time  limit  is  a  very  important  part  of  a 
specific  precipitin  reaction.  Although  Nuttall  has 
found  it  advisable  to  measure  the  quantity  of  pre- 
cipitin obtained  after  twenty-four  hours,  this 
lengthy  period  allows  the  access  of  several  dis- 


turbing  factors,  which  may  be  avoided  by  a 
shorter  time  limit ;  principally  the  growth  of  bac- 
teria wiiich  commonly  develop  in  fluids  which 
have  not  been  passed  through  a  Chamberland  fil- 
ter. Most  writers  who  have  employed  the  test  for 
medicolegal  work  have  preferred  to  read  the 
reaction  at  the  end  of  three  hours  in  the  thermo- 
stat, in  which  time  the  disturbing  effects  of  bac- 
terial growth  are  not  apparent,  and  turbidities  in 
heterologous  bloods  are  less  prominent.  More- 
over, the  rapidity  with  which  flocculi  form  in  ho- 
mologous blood  is  a  very  striking  distinction  from 
the  slower  changes  occurring  in  heterologous 
blood.  Hence  the  objects  of  medicolegal  work 
seem  to  require  a  somewhat  dift'ercnt  procedure 
from  that  best  suited  to  the  exact  measurement  of 
blood  relations  among  animal  species.  The  forma- 
tion in  three  hours  of  a  flocculent  precipitate  visi- 
ble to  the  naked  eye,  is  a  requirement  which  effec- 
tuallv  escapes  the  influence  of  the  personal  equa- 
tion and  is  the  standard  now  generally  employed 
in  descriptions  of  a  specific  reaction. 

The  question  still  remains  as  to  what  reliance 
can  be  placed  on  less  definite  reactions,  in  which 
the  turbidity  does  not  become  flocculent  in  six  to 
twelve  hours,  and  which  may  often  be  encoun- 
tered when  dealing  with  old  and  altered  stains. 
Under  such  circumstances,  one  can  only  con- 
clude that  the  significance  of  the  results  must  be 
determined  by  all  the  circumstances  in  the  case, 
including  the  age  and  quantity  of  the  specimen, 
the  strength  of  the  turbidity,  and  the  potency  of 
the  serum,  and  must  remain  a  matter  of  opinion 
on  the  part  of  the  operator. 

In  connection  with  the  less  definite  reactions 
one  may  profitably  remember  that  humanized  sera 
diluted  at  i  in  30  rarely  produce  prompt  and  dis- 
tinct turbidities  in  any  other  than  human  and 
monkey  bloods,  and  that  even  in  dilutions  of  I  in 
10  or  1  in  20  (test  serum)  the  turbidities  in  het- 
erologous bloods  seldom  become  flocculent  in  three 
to  four  hours.  It  is  in  such  cases  that  control 
tests  are  of  great  value  to  determine  just  what 
reactions  can  be  secured  with  heterologous  bloods 
bv  the  particular  serum  in  use. 

When,  therefore,  one  has  to  deal  with  minute 
or  old  and  feebly  reacting  specimens,  it  appears  to 
be  permissible  to  increase  the  time  limit  to  four 
to  five  hours  as  recommended  by  Strube,  and  to 
increase  the  strength  of  the  test  serum  to  i  in  30 
or  I  in  20,  but  with  each  concession  of  this  sort 
the  results  become  less  certain. 
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\\'liile  convinced  that  the  most  reliable  con- 
clusions in  medicolegal  work  are  to  be  obtained 
by  demanding',  for  tlie  specific  reaction,  a  floccu- 
lent  precipitate  in  three  to  four  hours,  it  must  be 
admitted  that  the  estimation  of  the  bulk  of  pre- 
cipitum  may  in  some  cases  prove  to  be  a  necessary 
and  trustworthy  standard.  In  dealing  with  old 
specimens  of  human  blood,  the  writers  have  found 
that  the  action  of  the  serum  is  for  some  reason 
retarded  and  the  precipitum  is  very  slow  in  be- 
coming flocculent,  although  at  the  end  of  twenty- 
four  hours  the  bulk  of  the  precipitum,  as  com- 
pared with  the  controls,  leaves  no  doubt  that  the 
specimen  is  human  blood.  In  such  cases,  if  nu- 
merously and  satisfactorily  controlled,  there  ap- 
pears to  be  no  good  reason  for  excluding  the  re- 
sults obtained  after  twenty-four  hours  from  those 
Which  can  be  regarded  as  specific.  The  con- 
trols in  such  cases  should  include  a  specimen  of 
the  tested  fluid  untreated  by  any  serum,  and  one 
treated  bv  some  other  antiserum. 

The  dilution  of  the  tested  fluid  is  a  subordinate 
matter  in  the  precipitin  test.  The  writers  believe 
that  the  data  are  sufficient  to  recommend  a  dilu- 
tion of  blood  in  the  proportion  of  i  in  lOO  as 
most  favorable  to  the  development  of  flocculent 
precipitates.  Nuttall  uses  a  solution  of  one  part 
of  blood  to  20-  of  .6  per  cent,  salt  in  his  method 
of  estimation  of  the  bulk  of  precipitum.  Any  ac- 
curate measurements  in  dissolving  dried  blood  be- 
ing impossible,  we  may  employ  Nuttall's  ex- 
pedient of  shaking  the  fluid  to  determine  if  there 
is  albumin  in  solution  by  the  foam  produced.  Un- 
less solutions  are  slightly  colored  reactions  are 
very  faint  and  flocculent  precipitates  cannot  be 
expected,  but  blood  pigments  fade  markedly  with 
age.  Corin  obtained  precipitates  in  solutions  of 
blood  which  failed  to  give  the  spectroscopic  re- 
actions of  Hb. 

Unit  Strength  of  Precipitin  Ser.\. — It 
would  greatly  facilitate  general  agreement  as 
to  what  constitutes  a  specific  reaction  if  some 
means  were  devised  of  definitely  determining 
and  expressing  in  units  the  quantity  of  precipitin 
used  in  tests. 

Von  Dungern  employed  a  rough  method 
which  can  hardly  be  recommended.  Wasser- 
mann  and  Schutze  prepared  a  standard  solution 
of  blood  as  follows :  i  c.c.  of  fresh  defibrinated 
hlood  was  soaked  up  in  linen  cloth  and  dried  sev- 
eral days  or  weeks.  Two  such  specimens  were 
then  completely  dissolved  in  lO  c.c.  of  .85-per-cent. 
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salt  solution,  filtered,  and  divided  into  equal  por- 
tions. To  these  were  added  varying  proportions 
of  precipitin  serum.  They  designated  as  a 
normal  serum  one  of  which  the  addition  of  i  c.c.  to 

5  c.c.  of  the  aljdve  standard  solution  exactly  suf- 
ficed to  yield  a  distinct  flocculent  precipitate  in  one 
hour  at  37^  C.  If  i  c.c.  of  serum  sufficed  it  was 
designated  as  a  10  N.  serum.  The  amount  of  pre- 
cipitin in  I  c.c.  of  X.  serum  they  designate  as  a 
precipitin  imit.  There  are  several  difficulties  in  the 
way  of  a  satisfactory  general  employment  of  this 
unit,  including  the  alterations  in  the  drying  of  the 
blood,  and  the  probable  variations  in  the  amount 
of  albumen  secured  by  dissolving  the  stain. 

It  is  much  safer  to  employ  fresh  plasma  or 
serum  for  the  standard  solution,  and  a  dilution 
of  I  in  100,  since  that  strength  seems  to  be  the 
most  favorable  for  the  formation  of  flocculi, 
(cf.  Eisenberg. )  Hence  the  writers  would  sug- 
gest that  a  normal  test  serum  be  designated  as  one 
of  which  I  c.c.  added  to  10  c.c.  of  fresh  serum  di- 
luted I  in  100  yields  a  distinct  flocculent  precipi- 
tate in  one  hour  at  37°  C.  and  that  the  unit  of  pre- 
cipitin be  the  quantity  contained  in  1  c.c.  of  such 
normal  serum.    The  average  serum  obtained  after 

6  to  8  injections  of  10  c.c.  of  blood  in  the  rabbit 
would  then  be  of  10  N.  strength  and  i  c.c.  would 
contain  about  10  precipitin  units. 

On  the  Differentiation  of  Monkey  Blood. 
- — Stern  first  noted  the  fact  that  monkey  blood  re- 
acts to  humanized  rabbit  serum  much  more  dis- 
tinctly than  that  of  any  other  lower  animal.  He 
tested  three  species,  Cercof>itliecus.  Macacus  cyno- 
molgus,  and  the  "Kronen-alTe."  Nuttall  tested 
the  blood  of  46  monkeys  and  apes  finding  that  the 
Simiidcc  yielded  almost  as  much  precipitum  as 
man,  the  Cercopithecida:  yield  less,  while  the  Ha- 
palidcc  and  Ccbidce  give  but  little.  He  observed 
that  weak  humanized  sera  afifect  only  the  two 
first  named  groups,  while  a  powerful  serum  will 
include  them  all.  Nuttall  and  Strangeways  com- 
pared the  bulk  of  precipita  forming  in  human  and 
some  monkey  bloods  with  the  following  results. 
Human  serum  100  per  cent.,  Macacus  90  per 
cent.,  orang  80  per  cent.,  Cynocephahis  70  per 
cent.,  mandril  50  per  cent.,  Cercopithecus  ^o  per 
cent.  The  first  three  monkeys  named  died  of 
dysentery  or  intussusception  and  it  was  suggested 
that  the  manner  of  death  might  have  altered  the 
precipitable  substance  of  the  blood. 

One  of  us  has  attempted  the  differentiation  of 
monkev  and  human  blood  bv  calibrated  serum. 


but  the  work  is  still  incomplete  and  will  be  pre- 
sented at  another  time. 

L'p  to  the  present  stage  of  this  work,  it  has 
proven  possible  to  distinguish  between  human  and 
lower  monkey  bloods,  Java  Ineiies  cyiwiiiolgns, 
rliarsHS.  Macaciis  rluvsiis,  baboon,  Cynoccplialns 
ursiinis.  by  diluting  humanized  serum  I  in  ICX), 
with  which  strength  the  blood  sera  of  the  above 
monkeys  failed  to  yield  a  flocculent  coagulum  in 
three  hours,  and  in  fact  gave  but  slight  turbid- 
ity in  that  time.  This  rabbit  serum,  however, 
failed  entirely  to  separate  the  blood  of  the  chim- 
panzee, Siiiiia  tro<:;lodytes,  and  orang,  Simla 
satynis,  which  i^eacted  as  strongly  as  did  human 
blood.  On  the  other  hand,  a  humanized  chicken 
serum  failed  in  any  dilution,  to  affect  the  sera  of 
the  above  lower  monkeys,  and  in  dilution  of  i  in 
loo  chimpanzee  blood  became  slightly  turbid,  but 
failed  to  yield  a  flocculent  jirecipitate  in  several 
hours,  although  the  human  blood  treated  by  the 
same  diluted  serum  gave  a  flocculent  precipitate 
in  one  hour.  It  thus  appears  that  by  careful  cali- 
bration of  the  test  serum  the  blood  of  the  highest 
anthropoid  monkeys  may  be  distinguished  from 
human  blood.  In  this  work  it  seems  to  be  es- 
sential that  the  test  serum  be  fresh  and  the  bloods 
tested  be  fresh,  or  of  about  equal  age  if  obtained 
dry  or  from  the  cadaver. 

Layton  has  found  that  the  blood  of  certain 
monkeys,  variety  not  stated,  may  be  distin- 
guished from  human  blood  by  diluting  the  blood 
to  I  in  600,  and  adding  the  serum  undiluted  in  the 
proportion  of  about  i  in  60. 


The  Production  of  Precipitin  Serum. — /. 
Animals. — The  rabbit  is  the  animal  generally 
used  for  the  production  of  precipitin  serum.  It 
is  easily  handled,  and  reacts  to  almost  every  type 
of  blood.  Rabbits  vary  very  much  in  their  reac- 
tion to  injected  blood.  Some  produce  very  strong 
antiserum,  others  very  weak,  and  still  others,  al- 
most none  at  all.  The  fact  that  rabbits  have  indi- 
vidual idiosyncrasies  in  this  respect  has  been 
noted  by  several  observers.  We  also  found  that 
the  common  rabbit  very  often  could  not  with- 
stand the  toxic  effect  of  the  injection  and  emaci- 
ated very  rapidly,  some  of  them  succumbing  to 
the  treatment.  Besides  rabbits  we  used  full- 
grown  Belgian  hares  and  crosses  between  them 
and  rabbits,  and  they  proved  not  only  very 
resistent     to    the     injections,     but     also    yielded 
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our  most  potent  sera.  Too  much  stress  can- 
not be  laid  upon  the  care  bestowed  upon  the 
animals  under  treatment.  They  are  often  sick 
from  the  injections,  so  that  they  require  plenty  of 
food  and  clean,  airy  quarters.  It  was  soon  found 
that  the  healthier  the  animals  the  better  were  the 
results  with  the  sera. 

Corin  and  Biondi,  Arthus  and  V'ansteenburgh, 
and  Hausner,  used  dogs  in  order  to  get  larger 
quantities  of  serum  and  they  report  satisfactory 
results.  Uhlenhuth  injected  a  lamb  and  a  goat 
with  defibrinated  human  blood  but  did  not  obtain  a 
good  serum.  One  of  our  most  potent  sera  was 
obtained  from  a  hen  which  had  received  intraperi- 
toneal injections  of  defibrinated  blood.  The  bird 
gives  very  little  evidence  of  any  reaction  to  the 
injection,  and  being  further  removed,  biologi- 
cally, from  man,  than  the  rabbit,  ought  theoreti- 
cally to  yield  more  selective  antisera.  Wasser- 
mann  and  Schutze  have  been  testing  the  serum 
of  a  goose  but  have  not  yet  published  their  results. 

//.  Choice  and  Preparation  of  Material  for  In- 
jection.— In  order  to  produce  an  antiserum  for 
human  blood,  either  defibrinated  human  blood, 
blood  serum,  or  some  fluid  derived  from  the  body, 
and  containing  globulin  similar  to  that  of  normal 
human  blood  serum,  must  be  injected.  Therefore 
exudates  and  transudates,  such  as  can  be  obtained 
in  the  pleural  sac  and  abdominal  cavity,  which 
contain  a  certain  amount  of  serum  globulin,  are 
suitable  substances  for  injection. 

Defibrinated  human  blood  has  generally  been 
used.  We  obtained  it  either  from  the  umbilical 
cord  or  by  squeezing  the  placenta.  The  blood 
from  either  of  these  sources  w-as  received  into 
a  sterile  Erlenmeyer  fiask  containing  glass  beads 
the  size  of  small  peas.  If  beads  are  not  obtain- 
able, sand,  or  even  broken  bits  of  glass,  which 
have  been  thoroughly  cleansed  and  sterilized,  may 
be  used.  \'igorous  rotation  of  these  flasks  for 
five  minutes  sufficed  to  defibrinate.  Some  investi- 
gators use  only  the  serum  free  from  cells.  While 
it  makes  little  difference  with  the  strength  of  the 
antiserum  obtained,  since  only  the  serum  globulin 
is  the  active  agent  in  the  process,  we  found  it 
more  convenient  and  less  troublesome  to  use  de- 
fibrinated blood  rather  than  pure  serum.  Was- 
sermann  and  Schutze  and  Kuttall  use  serum  ;  Uh- 
lenhuth uses  defibrinated  blood.  Uhlenhuth  ob- 
tains his  blood  fresh  from  the  subject  by  means 
of  Heurteloup's  cups   (a  kind  of  wet  cup).     It 
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could  easily  be  obtained  from  tbe  veins  by 
Thacher's  apparatus. 

Uhlenhuth  found  that  old  dried  blood  dissolved 
in  .6-per-cent.  salt  solution  yielded  an  active  pre- 
cipitin serum.  Grigorjew  used  dried  blood,  pre- 
pared as  follows:  lo  c.c.  of  either  human  serum 
or  whole  blood  is  poured  on  a  large  glass  plate  in 
a  dust-free  room,  at  ordinar\'  temperature.  The 
pure  blood  serum  dries  in  from  four  to  six  hours, 
that  mixed  with  blood  in  from  two  to  four  hours. 
To  prepare  this  dried  serum  for  injection,  he 
pours  10  c.c.  of  physiological  salt  solution  over 
the  plate,  scrapes  the  serum  or  blood  loose  and 
stirs  it  until  a  uniform  solution  is  obtained. 

In  order  to  prove  that  the  drying  of  the  blood 
did  not  have  any  influence  upon  the  formation 
of  precipitin,  Grigorjew  divided  into  six  portions 
3.6  grm.  dried  calf's  blood,  three  years  old,  dis- 
solved each  portion  in  10  c.c.  of  i.6-per-ceiit.  salt 
solution,  and  injected  it  subcutaneously  into  a  rab- 
bit. The  serum  of  the  rabbit  gave  a  precipitin  re- 
action with  calf  or  beef  blood  spots.  .Grigorjew's 
method  and  experiment  are  important  because 
fresh  human  blood  is  not  ahvavs  obtainable,  and 
in  such  a  case,  a  supply  of  dried  blood  would 
prove  of  much  service. 

Ziemke  has  made  use  of  blood  from  the  cadaver 
in  cases  where,  death  was  due  to  hemorrhage.  He 
has  taken  it  from  cadavers  which  were  three  and 
four  days  old  and  even  older  and  none  of  his  rab- 
bits became  infected.  His  method  is  to  place  the 
blood  in  high  glass  cylinders,  pipette  off  the  serum 
into  sterile  Erlenmeyer  flasks  and  add  chloroform 
in  the  proportion  of  one  part  to  ten  of  serum. 
If  he  had  doubts  as  to  the  sterility  of  the  serum 
thus  prepared  he  injected  it  subcutaneously 
rather  than  intrapenitoneally.  His  results  were 
almost,  though  not  quite,  as  good  as  when  fresh 
blood  was  used.  Minovici  found  that  cadaver 
blood,  even  when  fresh,  gave  a  weaker  serum 
than  placental  blood.  Minovici  injected  amniotic 
fluid  and  Ziemke  tried  hydrocele  fluid.  Both 
found  that  the  precipitin  serum  obtained  was 
weaker  than  that  obtained  with  human  blood  or 
serum.  The  same  holds  true  when  ascitic  fluids 
or  pleural  exudate  are  used,  since  as  Biondi  has 
pointed  out,  they  contain  only  one-third  the 
amoimt  of  serum  globulin  contained  in  blood. 
Hence  larger  quantities  and  more  frequent  in- 
jections are  required.  With  pleural  exudates  es- 
jiecially  it  is  found  that  the  animal  may  not  with- 
stand the  toxic  substances  often  contained  in  such 


fluids,  and  the  danger  of  infection  is  also  greater. 
Albuminous  urine  has  likewise  been  employed. 
Dieudonne  used  a  urine  which  registered  3  to 
7  grni.  of  albumin  per  thousand  (Esbach),  Le- 
Clainchc  and  Vallec,  a  urine  containing  1-2  grni. ; 
Mertens  one  containing  4  per  cent,  albumin ;  and 
Zuelzer  a  I  to  9  per  cent,  specimen.  The  ani- 
mals usually  sulifered  considerably,  many  injec- 
tions were  required  at  long  intervals,  and  the 
resulting  serum  was  not  extremely  active. 

Corin  has  devised  a  method  for  utilizing  as- 
citic fluid  which  yielded  very  satisfactory  re- 
sults. He  saturates  ascitic  fluid  with  magnesi- 
um sulphate  at  a  temperature  of  about  30°  C. 
The  resulting  precipitate  is  dissolved  in  water 
and  this  solution  again  saturated  with  the  sul- 
phate. This  precipitate  is  then  allowed  to  dry 
on  the  filter.  For  injection,  it  is  only  necessary  to 
dissolve  the  dried  precipitate  in  water,  as  the 
magnesium  sulphate  is  not  harmful  to  the  animal. 
Corin  estimates  that  the  solution  thus  obtained 
contains  4.5  per  cent,  paraglobulin.  By  this 
method  a  concentrated  solution  of  globulin  can 
be  injected  at  frequent  intervals.  Ammonium 
sulphate  cannot  be  used  because  it  throws  down 
albumin  as  well  as  paraglobulin ;  because  the  pre- 
cipitate does  not  dissolve  easily  in  water ;  and  the 
solution  when  obtained  is  found  to  cause  a  cloudi- 
ness in  human  senim  through  the  action  of  the 
-salt. 

In  the  present  work  it  was  found  that  either 
fresh  serum  or  defibrinated  blood  yielded  the 
best  results.  Our  results  with  other  albuminous 
fluids  were  unsatisfactory,  and  we  do  not  believe 
that  any  other  material  can  safely  replace  fresh 
whole  blood,  when  medicolegal  work  is  proposed 
and  active  selective  sera  are-  required.  Most  of 
the  human  blood  was  obtained  from  the  cord  and 
generally  remained  sterile.  The  quantity  ob- 
tained at  one  time  was  necessarily  small,  amount- 
ing on  the  average  to  two  ounces.  By  squeezing 
the  placenta,  larger  quantities  of  blood  can  be 
obtained,  hut  there  is  more  likelihood  of  contami- 
nation. .■\nother  factor,  which  seems  to  have 
some  bearing  on  the  production  of  a  potent  serum, 
was  the  freshness  of  the  blood.  The  reaction  of 
the  rabbit  after  injection  of  a  fresh  specimen  was 
always  more  pronounced  and  more  lasting  than 
from  specimens  which  had  been  kept  in  the  re- 
frigerator a  few  days.  I'hlcnhuth  and  Minovici 
noted  this  same  fact.  Beef,  sheep  and  other 
bloods  obtained  from  the  slaughter-house  should 
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be  tested  bacteriologically  before  using',  since  they 
are  frequently  contaminated  with  voiiiitus. 

///.  Methods  of  Injection. — The  injection  may 
be  either  subcutaneous,  intraperitoneal  or  intra- 
venous. Each  method  has  its  adherents,  and  pro- 
duces an  equally  good  antiserum  when  the  other 
conditions  are  equal.  L'hlenhuth.  Biondi,  Corin, 
Nuttall  and  Minovici,  injected  intraperitoneally. 
Grigorjew.  Dieudonne,  Arthus  and  Vansteen- 
burgh.  Okamoto,  Stern,  and  Wasscrmann  and 
Schutze,  injected  subcutaneously.  Graham- 
Smith  and  Sanger,  LeClainche  et  Vallee,  Mar- 
tens, and  Strube,  prefer  intravenous  injections. 
The  technic  of  subcutaneous  and  intravenous  in- 
jections, requires  no  special  comment.  The 
method  of  intraperitoneal  injection  is  more  com- 
plex and  requires  greater  care.  The  method  em- 
ployed by  Minovici  is  as  follows :  Animal  held 
head  downward,  in  order  to  get  the  internal  or- 
gans out  of  the  way,  hair  cut  away  with  scissors 
from  lower  part  of  abdomen  and  skin  sterilized 
with  2-per-cent.  sublimate  solution ;  epidemiis 
cut  with  sterile  scissors,  and  needle  pushed 
through  the  wound  into  the  abdominal  cavity ; 
wound  closed  with  cotton  and  collodion.  He  in- 
jected twenty  rabbits  by  this  method  and  had  no 
infection. 

Nuttall  shaves  the  abdomen,  sterilizes  the  skin 
with  lysol,  and  punctures  the  skin  in  the  lower  left 
hand  region  of  the  abdomen  with  a  scalpel.  Then 
he  bores  through  the  fascia  and  the  muscles  with 
a  blunted  hypodermic  needle  and  afterward  aj)- 
plies  tr.  benzoin  to  the  cut. 

Biondi  draws  up  the  blood  or  serum  into  a  long 
sterile  glass  tube  which  has  been  drawn  out  to  a 
point  at  one  end.  The  other  end  is  closed  with 
sterile  cotton.  He  disinfects  the  skin  of  the  ab- 
domen with  lo  per  cent,  sublimate  and  then  bores 
through  into  the  peritoneal  cavitv  with  the  capil- 
lary end  of  the  tube. 

The  method  we  employ  is  as  follows :  An  area 
about  the  size  of  a  half  dollar,  just  below  the 
middle  of  the  abdomen,  is  shaved  and  disinfected 
either  with  lysol  or  sublimate  solution.  An  as- 
sistant holds  the  rabbit  by  the  ears  with  one  hand 
and  places  the  other  behind  the  animal's  shoulders 
keeping  the  head  stretched  well  backward.  In  this 
way  the  greater  part  of  the  body  hangs  free,  and 
the  skin  of  the  abdomen  is  tense.  The  needle  is 
then  inserted  at  any  point  in  the  part  prepared. 
It  should  be  inserted  through  skin  and  muscle 
slowly  and  with  steady  pressure  and  as  soon  as  it 
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enters  the  peritoneal  cavity,  which  it  does  with  a 
jerk  diR-  to  the  absence  of  resistance,  it  should  be 
turned  in  such  a  manner  as  to  be  along,  and  close 
to,  the  peritoneum  covering  the  abdominal  wall 
it  has  just  entered.  The  needle  may  then  safely 
be  inserted  a  sufficient  distance  to  ensure  its  re- 
maining in  the  body  while  the  blood  is  injected. 
The  object  of  turning  the  needle  as  soon  as  it  is 
through  the  peritoneum  is  to  avoid  puncture  of 
the  gut  which  is  the  only  danger  in  the  method. 
P.y  practice  one  soon  learns  to  feel  the  jerk  which 
signals  the  entrance  into  the  body  cavity.  If  the 
needle  is  sharp  and  is  inserted  slowlv  and  with 
even  pressure  the  rabbit  will  remain  perfectly 
quiet  when  held  as  directed.  Should  the  rabbit 
be  refractory,  it  will  be  necessary  to  hold  the  hind 
legs  extended.  In  so  doing  the  animal's  back 
should  be  arched  so  as  to  cause  the  abdomen  to 
bulge.  The  object  of  this  is  to  prevent  the  needle 
merely  passing  through  the  skin  and  subcutane- 
ous fascia  and  pushing  the  muscle  wall  in  front 
of  it,  so  that  a  subcutaneous  injection  results  in- 
stead of  an  intraperitoneal.  The  needle  should  be 
of  fairly  large  caliber,  a  hypodermic  is  too  small, 
and  should  have  a  length  of  at  least  two  inches. 
If  the  needle  is  so  large  that  it  leaves  a  canal 
through  which  the  blood  oozes  from  the  perito- 
neal cavity,  a  valve  can  be  made  to  close  it  by  first 
drawing  the  skin  to  one  side  and  puncturing,  after 
which  it  is  allowed  to  retract  into  place  and  thus 
cover  the  hole  through  the  fascia  and  nuiscle 
wall.  After  puncture,  no  collodion  or  other  dress- 
ing is  necessary. 

IV.  Number  and  Frequency  of  Injections. — 
The  number  and  frequency  of  injections  required 
clepends  on  which  route  is  employed,  intraperi- 
toneal, subcutaneous  or  intravenous.  Strube 
states  that  on  an  average  six  intravenous  injec- 
tions of  I  c.c.  of  defibrinated  blood  given  in  the 
course  of  eight  days,  produce  a  serum  yielding  a 
positive  reaction  in  human  serum  diluted  i  in 
I. GOO.  lie  admits  that  much  depends  upon  the  in- 
dividual peculiarities  of  the  rabbits.  In  one  in- 
stance he  obtained  a  serum  which  gave  a  reaction 
in  I  in  20.000  after  injections  covering  a  period 
of  fourteen  days.  He  does  not  state  how  much 
or  what  blood  or  how  many  injections  he  used. 
Mertens  at  first  injected  subcutaneously  and  then 
changed  to  the  intravenous  method.  He  injected 
urine  containing  albumin  every  day  for  seven 
days  to  the  amount  of  35  c.c.     LeClainche  and 
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V'allcc  also  injected  urine  intravenously,  20  c.c. 
at  a  time,  and  a  total  of  150  to  200  c.c. 

The  latest  investigators  using  the  intravenous 
method  are  Graham-Smith  and  Sanger.  They  in- 
jected about  18  c.c.  divided  into  portions  of  5,  5, 
5,  and  3  c.c.  at  intervals  of  two.  three,  and  four 
days.  They  found  this  to  be  sufficient  to  produce 
a  powerful  antihuman  serum.  Powerful  antibeef 
and  antisheep  sera  were  obtained  after  the  intra- 
venous injection  of  9  and  12  c.c,  in  doses  of  i, 
2,  I,  3,  and  2  c.c.  and  i,  5,  2,  and  2  c.c.  or  3,  5 
and  3  c.c,  respectively.  The  intervals  between 
the  injections  were  4,  4,  2  and  5  days  in  each 
case.  W^e  are  in  no  position  to  criticise  this 
method,  having  used  only  the  intraperitoneal 
route,  but  suggest  that  more  uniformity  is  de- 
sirable. Some  investigators,  among  whom  is  Uh- 
lenhuth,  report  poor  results  with  the  intravenous 
method,  and  prefer  one  of  the  other  means.  It 
is  also  difficult  to  form  any  idea  of  the  strength 
of  the  sera  thus  obtained,  because  the  descrip- 
tions of  the  reactions  are  incomplete. 

Wassermann  and  Schutze  are  the  most  promi- 
nent investigators  to  use  subcutaneous  injections. 
They  obtained  their  sera  by  five  or  six  injections 
of  8  to  10  c.c.  of  serum,  every  second  day.  This 
they  claim  gives  a  serum  which  is  powerful 
enough  to  differentiate  human  blood.  Grigorjew 
and  Dieudonne  injected  10  c.c.  subcutaneously 
every  third  or  fourth  day,  and  used  six  injections. 
Arthus  and  Vansteenburgh  employed  five  injec- 
tions of  5  c.c.  each,  every  fifth  day. 

Stern  injects  5  to  10  c.c.  beneath  the  skin  at 
intervals  of  two  days  or  more,  depending  upon 
the  condition  of  the  animal.  Okamoto  also  used 
the  subcutaneous  method.  He  injected  amounts 
of  blood  varying  from  12  to  15  c.c.  at  irregular 
intervals,  which  he  determined  by  fluctuation  in 
the  rabbit's  weight.  Total  quantity  injected  was 
from   60  to  85  c.c. 

The  mtraperitoneal  injection,  which  is  the 
method  generally  used,  is  employed  by  Uhlen- 
huth.  He  injects  10  to  20  c.c.  at  intervals  of  six 
to  eight  days,  until  he  has  injected  a  total  of  60 
to  80  c.c.  Ziemke  injects  every  third  to  fourth 
day,  depending  upon  the  behavior  of  the  animal's 
weight,  until  the  total  of  60  to  100  c.c.  is  reached, 
^linovici  used  six  to  eight  injections  of  10  c.c. 
each,  of  fresh  blood,  every  fifth  or  sixth  day ; 
older  blood  every  second  day.  Honl  injects  5 
to  10  c.c.  every  third  or  fourth  day.  Nuttall, 
whose  work  in  this  field  covers  the  most  ground. 
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injects  intraperitoncally,  five  or  six  times.  He 
commences  with  5  c.c,  and  then,  after  the  third 
injection,  increases  the  quantity  to  10  c.c.  He 
regulates  the  interval  between  injections  by  wait- 
ing until  the  animal  regains  the  weight  lost  after 
a  previwus  injection.  Uiondi  injects  intraperito- 
ncally 5  to  10  c.c,  at  intervals  of  two  to  four 
days,  until  the  rabbit  has  received  from  50  to  80 
c.c.  He  obtained  his  best  serum  from  the  rab- 
bit which  had  received  40  c.c.  within  24  days. 

Our  experience  has  led  us  to  prefer  the  intra- 
peritoneal injection,  because  of  the  ease  of  exe- 
cution, the  small  chance  of  infection  when  a  little 
care  is  exercised,  the  fact  that  rabbits  react 
promptly  when  foreign  matter  is  introduced  into 
the  peritoneal  cavity,  and  because  the  peritoneum 
is  tolerant  to  such  injections.  We  have  found  that 
the  most  suitable  amount  for  the  single  injection 
of  human  defibrinatcd  blood  or  serum  is,  as  a 
rule,  10  c.c.  If  the  blood  or  serum  is  fresh,  it  is 
safer  to  inject  at  first  only  5  c.c.  This  is  especial- 
ly true  of  the  serum  of  certain  horned  animals, 
as  beef,  and  sheep,  which  are  more  toxic  to  the 
rabbit  than  human  blood.  We  have  injected  as 
high  as  20  and  30  c.c.  of  serum  at  one  time,  but 
these  large  quantities  did  not  increase  the  potency 
of  the  serum.  On  the  contrary,  they  seemed  to 
inhibit  the  formation  of  antibodies. 

We  found  that  injections  at  an  interval  of  four 
days,  yielded  the  best  results.  Some  observers 
use  the  weight  of  the  animal  as  a  guide  to  the 
repetition  of  the  injection.  We  did  not  find  it 
necessary  to  resort  to  this  measure,  because  one 
sees  at  a  glance  whether  or  not  the  rabbit  is  doing 
well,  if  it  feeds  normally  and  is  as  active  as  it 
should  be.  Those  who  observe  the  weight  of 
the  injected  rabbits  also  find  that  a  three  or  four 
day  interval  is  the  most  suitable.  If  the  blood 
is  old  or  if  the  rabbit  is  very  tolerant,  injections 
may  be  made  as  often  as  every  two  days.  But 
not  much  time  is  gained  in  such  cases,  since  it 
would  appear  that  the  animal  requires  a  larger 
number  of  injections  to  develop  a  powerful  anti- 
serum. When  a  rabbit  does  not  appear  to  be  do- 
ing well,  treatment  should  be  omitted,  until  it  has 
recovered.  Nothing  is  gained  by  injection  at 
such  a  time,  because  it  is  almost  certain  to 
cause  further  emaciation  and  is  just  as  certain  not 
to  cause  the  formation  of  a  good  antiserum.  The 
number  of  injections  required  we  found  to  vary, 
according  to  the  material  used  and  the  idiosyn- 
crasy of  the  rabbit,  from  five  to  eight;  the  total 
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quantity  of  serum  beings  from  50  to  80  c.c.  This 
experience  accords  with  the  observations  of  Uh- 
lenhuth,  Wassermann  and  Schutze,  Biondi,  Nutt- 
all  and  others.  We  found  that  if  after  eight  in- 
jections, a  satisfactory  serum  was  not  obtained, 
further  treatment  was  useless,  as  the  animal  was 
apparently  incapable  of  yielding  a  good  serum. 
On  one  occasion  Schutze,  in  this  laboratory,  ob- 
tained a  very  active  precipitin  after  two  injections 
of  a  total  of  20  c.c.  of  defibrinated  blood.  With 
subsequent  injections  to  the  total  number  of  seven, 
there  was  no  improvement,  in  fact  the  serum  be- 
came weaker.  Nuttall  noticed  that  some  rabbits 
yielded  a  good  serum  after  the  third  injection. 
If  injections  are  continued  after  an  animal  has 
developed  an  active  antiserum,  the  strength  of 
the  serum  may  be  increased,  but  sometimes  it  is 
diminished,  as  observed  by  Uhlenhuth  and  our- 
selves. In  one  instance  an  animal  giving  a  serum 
which  yielded  flocculent  precipitates  in  one  hour 
when  added  to  human  blood  (i  in  100)  in  di- 
lution of  I  in  200,  received  two  injections  in  four 
days  of  20  to  30  c.c.  of  fresh  blood.  One  week 
later'its  serum  diluted  I  in  50,  failed  to  precipitate 
human  blood  i  in  100  in  three  hours.  At  the 
same  time  the  animal  began  to  emaciate.  Stem 
was  able  by  repeated  injections  and  with  due  re- 
gard to  the  condition  of  the  rabbits,  to  produce 
an  antiserum  which  reacted  in  blood  i  :  50,000. 

It  sometimes  happens  that  after  a  rabbit  has  re- 
ceived eight  injections,  it  yields  an  antiserum 
which  is  not  as  powerful  as  desired.  If,  now,  this 
rabbit  receives  no  further  treatment  for  at  least 
one  month  and  then  injections  are  renewed,  the 
potency  of  the  precipitin  may  be  found  to  have 
increased.  One  of  our  antibeef  rabits  did  not 
yield  a  good  antiserum  after  several  large  injec- 
tions. It  had  not  lost  appreciably  in  general  con- 
dition. Nothing  further  was  done  to  the  rabbit 
for  three  weeks,  when  the  injections  were  re- 
sumed. It  then  yielded  a  much  more  powerful 
antiserum  than  before.  Strube  reports  that  one 
rabbit,  which  had  received  8  c.c.  of  blood  intra- 
peritoneally  in  January  and  had  a  value  of  i  : 
5,000,  was  reinjected  in  April,  with  the  same 
quantity  of  blood,  and  gave  a  reaction  in  i  :  20,- 
000  dilution  of  human  blood. 

Uhlenhuth  first  called  attention  to  the  fact  that 
some  sera  from  immune  rabbits  have  a,  milky, 
opalescent  appearance.  He  noticed  that  this 
opalescence  increased  after  intravenous  injections. 
Physiologists  ascribe  its  occurrence  to  digestion. 
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Nuttall  noticed  it  and  thinks  it  due  to  very  large 
injections.  He  also  remarked  that  some  of  the 
rabbits  yielding  this  scrum  suffered  from  cyster- 
cerci  of  the  liver.  Uhlenhuth  and  Rostocki  have 
shown  that  it  cannot  be  removed  by  filtration 
through  porcelain.  We  noticed  it  in  one  case 
which  liad  received  large  injections.  Such  sera 
are  untrustworthy  and  should  not  be  used. 

The  cfliirsc  of  the  development  of  blood  pre- 
cipitins has  been  followed  by  v.  Dungern  who 
describes  four  periods :  ( i )  a  latent  period  fol- 
lowing the  injection,  during  which  the  blood  fails 
to  show  any  precipitin,  (2)  a  period  of  increase 
of  precipitin,  (3)  a  period  of  equilibrium,  when 
the  precipitin  docs  not  vary,  and  (4)  a  period  of 
decrease  of  precipitin.  In  fresh  animals  a  period 
of  four  to  six  days  followed  the  first  subcutaneous 
injection  of  foreign  plasma  before  any  precipitin 
appeared  in  the  blood.  The  precipitin  then  in- 
creased in  quantity  reaching  its  highest  develop- 
ment in  about  two  days.  A  short  period  of  equi- 
librium then  followed  or  the  decrease  began  at 
once  and  continued  irregularly,  with  considerable 
variations  in  different  animals.  If  a  new  injec- 
tion is  given,  at  the  time  when  the  precipitin  has 
reached  its  highest  point,  within  one-half  hour 
most  of  the  antibody  disappears,  being  saturated 
by  the  new  plasma,  and  the  latent  period  before 
the  reappearance  of  precipitin  is  shorter  than 
after  the  first  injection  and  continues  to  shorten 
after  succeeding  injections.  After  successive  in- 
jections the  increase  of  precipitin  is  usually  much 
greater  than  after  single  doses  and  persists  longer. 
Five  minutes  after  single  injections  the  foreign 
albumin  was  demonstrable  in  the  blood  by  the 
precipitin  test,  but  disappeared  within  one  hour. 
After  successive  injections  the  disappearance 
of  the  foreign  albumin  was  slower. 

F.  Methods  of  Bleeding. — The  progress  of  de- 
velopment of  precipitin  in  the  blood,  may  be  de- 
termined from  time  to  time  by  drawing  a  little 
blood  from  the  lateral  ear  vein  of  the  rabbit. 
These  preliminary  tests  of  the  serum  should  not 
be  made  less  than  three  or  four  days  after  an  in- 
jection, since  each  injection  of  blood  causes  a  tem- 
porary diminution  in  the  precipitin.  The  ear  is 
shaved,  sterilized  with  lysol,  sublimate  or  other 
disinfectant,  and  washed  with  sterile  water.  It 
is  well  to  suspend  the  rabbit  by  the  hind  legs, 
and  to  have  an  assistant  gently  compress  the  vein 
at  the  base  of  the  ear.  When  the  vein  is  cleanly 
cut  the  blood  flows  to  the  tip  of  the  ear  and  can 
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be  caught  so  that  it  drops  to  the  bottom  of  the 
test-tube.  When  there  is  about  5  c.c.  in  the  test- 
tube  it  is  laid  in  a  slanting  position,  permitted  to 
clot,  and  then  placed  in  an  ice  chest.  If  it  is  found 
that  the  serum  does  not  exude  from  the  clot,  the 
latter  should  be  loosed  from  the  test-tube  by 
means  of  a  platinum  loop.  The  serum  will  also 
be  found  to  collect  better  when  the  tube  is  out  of 
the  ice  chest  for  a  time. 

There  are  three  practical  methods  of  obtaining 
large  quantities  of  serum  from  the  rabbit.  The 
first  is  by  bleeding  from  the  far  veins.  We  have 
already  described  the  procedure.  As  much  as 
40  c.c.  of  blood  may  be  had  at  a  single  bleeding 
and  if  care  is  exercised  the  blood  obtained  can  be 
kept  sterile. 

Wadsworth  (1903)  demonstrated,  before  the 
New  York  Pathological  Society,  a  method  where- 
by the  blood  is  made  to  flow  profusely  from  the 
lateral  ear  vein.  The  rabbit  is  held  head-down- 
ward and  wrapped  in  a  blanket.  Inside  the 
blanket  and  next  to  the  spine  is  placed  a  hot  water 
bag  v>-ith  the  result  that  the  peripheral  vessels  are 
dilated  by  overheating.  The  second  method  of 
bleeding  the  rabbit  is  one  whicli  entails  the  death 
of  the  animal,  and  consists  in  bleeding  from  the 
heart.  As  practised  by  Uhlenhuth,  the  procedure 
is  as  follows :  The  hair  is  removed  from  the 
chest-wall,  the  skin  sterilized,  and  the  anterior 
chest-wall  cut  away  with  sterile  scissors.  The 
left  ventricle  is  then  cut  and  the  blood  allowed  to 
flow  into  the  pleural  cavity,  whence  it  is  sucked 
up  with  a  sterile  pipette,  put  into  flat  dishes  or 
cylinders,  allowed  to  clot,  and  the  serum  removed 
later.  Minovici  modifies  this  method  in  that  the 
pulsating  heart  is  lifted  out  of  the  chest  and  held 
in  the  mouth  of  a  vessel  into  which  the  blood  flows 
when  the  ventricle  is  cut.  The  third  method  is 
that  of  bleeding  from  the  carotid  artery.  It  is 
frequently  used,  because  a  large  quantity  of  blood 
is  obtained  without  sacrificing  the  animal.  The 
rabbit  is  fastened  securely  on  its  back,  the  head 
well  extended  and  the  throat  shaved.  The  skin 
is  then  disinfected  and  an  incision  is  made  in  the 
median  line,  extending  from  above  the  larynx  to 
the  sternum,  and  through  the  skin  and  fascia. 
Then  by  means  of  blunt  dissection  the  muscles 
along  the  trachea  are  separated  and  the  carotid 
exposed.  The  vessel  nuist  be  freed  from  the 
pneumogastric  nerve,  which  lies  in  the  same 
sheath  with  it  and  in  doing  this  care  must  be  exer- 
cised to  avoid  tearing  the  vessel.     When  the  caro- 
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tid  is  isolated  it  is  clamped  as  hij?li  up  as  the  in- 
cision will  allow  and  also  as  low  down  as  possible. 
The  vessel  is  then  divided  near  the  upper  clamp 
and  seized  securely  by  its  fascia,  with,  small 
pointed  forceps  near  the  cut  end.  The  lower  clamp 
is  then  loosened  and  the  stream  of  blood  can  be  di- 
rected into  the  receiving  vessel  or  into  test  tubes 
which  are  afterward  laid  in  a  slanting  position. 
When  a  test  tube  contains  enough  blood  the  ar- 
tery clamp  can  be  temporarily  closed  until  the 
next  is  ready.  Sometimes  a  clot  forms  at  the 
mouth  of  the  vessel  and  stops  the  bleeding.  This 
is  easily  removed  by  stripping  the  vessel  with  a 
pair  of  anatomical  forceps.  When  sufificient  blood 
is  obtained,  both  ends  of  the  carotid  are  tied  oflf 
and  the  wound  sewed.  If  it  is  desired  to  ex- 
sanguinate the  animal,  it  will  be  found  advantage- 
ous toward  the  end  to  firmly  compress  the  body 
with  the  hand,  commencing  at  the  lower  end  of 
the  abdomen  and  ending  at  the  chest.  In  this 
way  almost  cver\'  drop  of  blood  can  be  squeezed 
out  of  the  body.  Some  investigators  insert  small 
glass  tubes  into  the  carotid  but  this  is  unnecessary 
and  complicates  the  operation. 

In  bleeding  a  bird  the  blood  is  taken  from  the 
large  vein  on  the  under  surface  of  the  wing, 
which  is  plainly  seen  beneath  the  skin  at  the  angle 
between  the  wing  and  trunk.  It  bleeds  very 
freely. 

A  considerable  interval  should  elapse  after  the 
last  injection,  before  the  blood  is  removed  for  use 
in  tests.  From  experiments  conducted  principally 
on  the  development  of  bacterial  precipitins,  it  has 
been  found  that  the  greatest  development  of  im- 
mune bodies  is  seen  from  one  to  two  weeks  after 
the  last  of  a  series  of  injections,  and  the  same  rule 
has  been  found  to  apply  in  the  development  of 
blood  precipitins.  Some  observers  regard  six 
days  as  sufficient,  while  others  allow  fourteen. 
We  have  always  obtained  active  sera  after  an  in- 
terval of  seven  to  ten  days. 

There  are  at  hand  but  few  definite  observations 
regarding  the  persistence  of  active  precipitins  in 
the  blood  of  animals  employed.  Strube  found  in 
eight  rabbits  which  had  been  treated  intravenous- 
ly that  the  .sera  retained  a  value  of  i  in  i.ooo  for 
four  weeks.  Later  they  diminished  rapidly  in 
strength,  for  after  eight  weeks  three  animals 
which  showed  original  strengths  of  i  in  5,000. 
I  in  1,000,  and  i  in  1,000,  had  aliuost  completely 
lost  their  activity.  Graham-.Smith  and  Sanger 
found  that  some  sera  retained  their  specific  quali- 
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ties  for  twelve  months,  while  others  deteriorated 
more  rapidly.  Nuttall  noted  that  some  sera  be- 
came untrustworthy  after  a  time,  giving  cloud- 
ings with  all  sera. 

Our  chicken  immunized  to  human  blood,  and 
whose  serum  originally  gave  a  flocculent  precipi- 
tate in  one-half  hour  in  human  serum  i  in  loo, 
when  added  in  dilution  of  i  in  50,  very  rapidly 
lost  its  potency  and  was  practically  inert  four 
weeks  after  the  last  injection. 

Of  two  humanized  rabbits  receiving  nine  injec- 
tions and  then  yielding  a  serum  which  at  dilution 
I  in  30  gave  a  flocculent  precipitate  in  one  hour, 
we  found  that  one  continued  to  yield  a  powerful 
serum  for  at  least  twenty-three  days  (flocculent 
precipitate  at  i  in  30  in  one  hour)  but  the  other 
had  lost  much  of  its  activity  in  that  time  (mod- 
erate turbidity  at  i  in  30  in  three  hours).  A  beef 
rabbit,  also,  after  twenty-eight  days,  gave  a  ser- 
um of  undiminished  activity,  while  a  humanized 
rabbit  strongly  immunized  but  emaciating  from 
ringworm,  gave  an  inert  serum  after  eight 
months.  Comparing  these  observations  with  those 
on  the  changes  in  serum  stored  on  ice,  it  appears 
that  the  specific  precipitins  are  much  longer  re- 
tained in  the  test  tube  than  in  the  animal's  body, 
but  that  a  strongly  immune  animal  may  be  ex- 
pected to  yield  a  good  serum  for  at  least  three 
weeks  after  the  last  injection. 

Methods  of  Applying  the  Precipitin  Test. 
— Many  of  the  details  of  the  application  of  the 
precipitin  test  have  been  fully  considered  in  the 
theoretical  discussions  of  this  article.  Other 
matters  which  deserve  mention,  concern  the  meth- 
ods of  dissolving  the  suspected  stain,  its  clarifica- 
tion, the  instruments  to  be  used,  and  the  scope  of 
necessary  controls.  The  solution  of  the  stain 
should  be  made  in  .6  or  .8  per  cent,  of  NaQ 
(c.  p.).  A  fresh  stain  dissolves  promptl\ .  but 
very  old  stains  may  require  soaking  for  some 
hours.  Ziemke  has  recommended  .1  per  cent, 
soda  solution  as  more  active  than  salt  in  dissolv- 
ing old  stains,  and  he  reports  some  positive  re- 
sults obtained  from  such  solutions  when  the  so- 
lution in  salt  was  negative.  That  some  of  the  re- 
actions were  referable  to  the  soda  and  not  to  a 
specific  reaction  on  the  albumins  is  suggested  by 
the  observations  of  Graham-Smith  and  Sanger, 
who  obtained  some  spontaneous  precipitates  when 
blood  senim  was  dissolved  in  .1  per  cent,  caustic 
soda.  The  use  of  this  solvent  cannot  at  present  be 
endorsed.     Ziemke  also  claims  to  have  secured 
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positive  results  from  stains  entirely  insoluble  in 
salt  or  soda  by  dissolvinij  in  concentrated  solution 
of  potassium  cyanide  and  neutralizing  by  tartaric 
acid  in  substance  almost  but  not  quite  to  the  point 
of  neutralization  to  litmus.  This  procedure  also 
introduces  sources  of  error  that  are  difficult  to 
control,  especially  the  abnormal  content  in  chemi- 
cals. Graham-Smith  and  Sanger  found  that  lest 
serum  is  clouded  in  one  hour  by  potassium  cya- 
nide I  per  cent.,  or  tartaric  acid  i  in  1,000,  al- 
though the  prompt  neutralization  of  the  acid  pre- 
vented an_\  precipitation  of  albumins.  We  have 
emplo\ed  tliis  method  successfully,  with  proper 
controls,  on  comparatively  fresh  blood  clots,  but 
failed  with  an  old  specimen  of  blood  in  earth.  It 
can  be  undertaken  only  with  comparatively  large 
stains.  Schutze.  in  this  laboratory,  could  not 
convince  himself  that  the  results  with  this  solvent 
were  trustworthy. 

All  solutions  of  blood  stains  from  miscellane- 
ous materials  should  be  tested  for  their  reaction 
to  litmus,  and  if  found  distinctly  acid  or  alkaline, 
should  be  neutralized  by  sodium  carbonate  or  tar- 
taric acid.  If  spontaneous  or  spurious  reactions 
occur  in  solutions  of  blood  from  earths  contain- 
ing lime  salts,  these  must  be  removed  by  a  current 
of  Coo,  and  filtered  (Graham-Smith  and  Sanger). 

There  appears  to  be  at  hand  no  means  of  re- 
moving from  solutions  of  stains  on  leather  the 
tannin  which  seems  to  be  the  cause  of  spontane- 
ous and  spurious  reactions.  The  general  topic  of 
the  removal  from  solutions  of  blood  stains  these 
and  other  disturbing  agents  which  will  doubtless 
be  encountered  from  time  to  time  otTers  a  large 
field  for  further  investigation. 

Great  care  is  necessary  in  the  choice  of  chemi- 
cals used  in  serum  work.  The  writers  en- 
countered a  sample  of  NaCl  guaranteed  c.  p., 
which  caused  spontaneous  precipitates  in  various 
sera. 

Filtration.- — Most  solutions  of  blood  stains  re- 
quire filtration,  since  it  is  essential  that  the  fluids 
be  perfectly  clear  before  adding  the  test  serum. 
Filtration  through  Schleicher's  paper  (blue  label) 
will  clarify  the  great  majority  of  solutions. 

An  asbestos  wool  filter  backed  by  a  perforated 
platinum  scale  is  also  very  effective.  An  electric 
centrifuge  is  of  much  value  as  a  means  of  clari- 
fying many  solutions. 

Solutions  of  materials  containing  many  bac- 
teria should  be  passed  through  a  small  IJerkefeld 
or  Chamberland  filter.     Small  test  tubes,  inside 


diameter  not  less  than  one-half  centimeter,  are  re- 
quired, and  a  stock  of  sterilized  pipettes  are 
needed  to  handle  the  solutions  and  test  serum. 

Greenbaum  and  others,  instead  of  using  test 
tubes,  have  followed  the  reaction  under  the  mi- 
croscope in  specimens  prepared  by  adding  one  or 
more  drops  of  test  serum  to  a  small  quantity  of 
solution  on  a  glass  slide  or  in  a  hanging  drop. 
The  use  of  alkali  is  in  the  cleansing  of  glass  ware 
must  be  avoidod. 

Controls. — Without  the  employment  of  several 
controls,  no  reliable  conclusions  can  be  obtained 
from  the  application  of  the  precipitin  test. 

The  frequent  occurrence  of  spontaneous  pre- 
cipitates demands  that  one  specimen  of  the  tested 
solution  be  carried  through  without  the  addition 
of  any  serum. 

Since  the  solution  may  contain  some  agent 
slowly  precipitating  foreign  albununs,  it  is  neces- 
sary to  carry  through  a  specimen  of  the  tested  so- 
lution which  receives  the  same  quantity  of  some 
other  antiserum  or  foreign  serum  as  is  used  of  the 
specific  test  serum.  In  testing  for  human  blood 
the  writers  employed  for  this  control  a  potent 
beef-rabbit  serum,  but  normal  rabbit  serum  may 
perhaps  suffice. 

Very  welcome  corroborative  evidence  is  usually 
obtained  when  one  carries  through  a  known  speci- 
men of  human  blood  of  appropriate  dilution  to 
which  is  added  the  usual  quantity  of  test  serum. 

As  there  is  considerable  variation  in  the  speci- 
ficity of  different  rabbit  sera,  careful  workers  pre- 
fer to  test  each  serum  on  the  blood  of  several  do- 
mestic animals  as  well  as  on  human  blood,  to  de- 
termine not  only  the  strength  of  the  serum,  but 
also  its  effect  on  heterologous  blood.  This  control 
is  the  more  necessary  with  the  more  powerful 
sera. 

If  the  observation  extends  longer  than  three 
hours,  the  precipitum  should  be  examined  for  the 
presence  of  bacteria,  the  growth  of  which  is  not 
always  inhibited  by  chloroform. 

Since  any  albumin  from  the  human  body  may 
respond  to  humanized  antiserum,  it  must  first  be 
determined  by  the  hemin  or  spectroscopic  tests 
that  the  material  is  blood.  While  it  is  possible 
that  the  blood  of  a  domestic  animal  may  be  mixed 
with  human  albuminous  exudates  as  sputum,  pus, 
urine,  or  feces,  such  a  combination  must  be  ex- 
ceedingly rare.  A  microscopical  examination  will 
usually  determine  the  presence  of  mucus  in  spu- 
tum, excess  of  leucocytes  in  pus,  and   fecal  de- 


tritus.  The  gross  appearance  of  the  stain  will 
usirally  determine  the  possibility  of  mixture  with 
urine,  or  the  demonstration  of  characteristic 
crystals  of  nitrate  of  urea  may  be   undertaken. 
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THE    TOXICITY     OK    TETKA-PHOSPHORUS    IRI-SULFID.     — 
A     PRELIMINARY    REPORT. 

A.   E.  Thayer   {Instruclor  in  Pathology'),  AND  C.  G.  L.  Woi.F  (^Instructor 
in   Chemistry). 

{^Cornell  U?iivdrsity  Medical  College,  Xe'.j    York.) 

Although  phosphorus  was  introduced  into  manufactures 
early  in  the  nineteenth  century,  and  not  long  afterward  be- 
gan to  be  used  against  vermin  in  the  well-known  form  of 
paste,  it  was  not  until  about  1845  that  cases  of  fatal  poisoning 
by  phosphorus  in  the  human  subject  began  to  be  collected. 
Since  that  time  it  has  become  a  frequent  means  of  suicide,  es- 
pecially among  women  and  on  the  continent  of  Europe.  The 
usual  methods  of  taking  phosphorus  to  produce  death  are 
the  ingestion  of  match  heads  or  of  an  infusion  made  from 
them,  and  swallowing  a  certain  amount  of  phosphorus  paste 
in  some  fluid  vehicle. 

According  to  Smita,'-  the  average  phosphorus  con- 
tent of  a  match  head  varies  from  0.00178  gram  to  0.000 167 
gram,  but  most  commonly  the  variation  is  less,  running  from 
one-half  to  one  milligram.  If,  therefore,  a  person  swallows 
the  heads  of  one  hundred  and  eighty  matches,  or  of  two 
hundred  and  fifty  matches,  as  in  two  cases  of  Krug's,^" 
the  actual  dose  of  phosphorus  may  be  as  high  as  0.09  to 
0.125   gram. 

The  lethal  dose  of  phosphorus  is  given  by  Kolisko-*as  ten 
to  twenty  centigrams,  but  Sonnenschein  (cited  in  24)  reported 
a  case  of  a  child  aged  five  weeks  who  sucked  the  head  of  a 
single  match  with  fatal  result.  Vetter'^  gives  the  percentage 
of  phosphorus  in  the  usual  samples  of  paste  as  from  eight 
to  fifty  per  cent,  but  as  it  is  almost  impossible   to  determine 

*  Received  for  publication  March  2,  1903. 
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the  amount  of  the  paste  taken,  the  actual  dose  cannot  be 
accurately  known. 

With  a  view  to  ascertain  the  comparative  toxicity  of  phos- 
phorus tri-sulfid  (P4S..j),  which  has  been  employed  in  the 
arts  within  the  last  decade,  the  following  investigation  was 
begun.  The  literature  of  phosphorus  poisoning  was  exam- 
ined and  abstracted  and  several  experiments  upon  animals 
were  made  with  P4S3.  But  little  experimental  work  has 
been  done  upon  this  sulfur  compound  of  phosphorus,  the 
most  important  papers  being  those  of  Courtois-Suffit  and  of 
Sevene  and  Blanc.  The  latter  observers  found  no  marked 
effects  in  guinea-pigs  which  received  O.03  gram  of  phos- 
phorus tri-sulfid  in  repeated  doses,  though  0.003  gram  of 
phosphorus  was  uniformly  fatal.  Their  results  will  be  noted 
in  detail  below. 

Tetra-phosphorus  tri-sulfid  was  given  to  two  dogs  in 
moderate  morning  and  evening  doses  for  a  period  of  eight 
days,  and,  after  a  pause  of  one  week,  for  a  second  period  of 
eight  days  in  the  same  manner.  To  a  third  dog  single  large 
doses  were  given  daily  for  four  days.  A  fourth  dog  received  a 
single  extremely  large  dose.  In  the  sixth  experiment  a  rab- 
bit was  exposed  under  a  bell  jar  to  a  moist  atmosphere  which 
had  been  passed  through  several  layers  of  the  compound. 

Dogs  I.  and  II.  received  a  weighed  amount  of  food ;  the 
metabolism  of  fat,  nitrogen,  sulfur,  and  phosphorus  was 
charted ;  the  dogs  were  killed  land  immediately  sectioned, 
and  the  organs  were  hardened  in  alcohol,  formalin,  or 
Orth's  fluid,  and  examined  after  imbedding  in  celloidin  or 
paraffin. 

HISTORICAL. 
In  order  to  bring  out  the  contrast  between  the  effects  of 
phosphorus  and  those  of  P4S3,  it  will  be  well  to  give  a  sum- 
mary of  the  main  facts  in  regard  to  poisoning  by  the  former, 
the  chief  clinical  symptoms  and  the  various  lesions  found, 
and  then  discuss  the  observations  made  during  this  investi- 
gation. 
.  As  is   well    known,  the    poisonous  form   of  phosphorus   is 
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the  yellow,  which   is  soluble   in  various  nictlia;    the  red  form 
is  non-soluble  and  iion-toxic. 

In  the  majority  of  cases  of  suicide,  or  murder,  or  acciden- 
tal death  by  phosphorus,  the  onset  and  duration  of  the 
symptoms  may  be  termed  acute  or  sub-acute.  The  promi- 
nent s\-mptoms  are  given  by  l.ewin'"  as: 


Severe  gastric  or  abdominal  pain  in 
Vomiting       ..... 
P2cchymoses  and  hemorrhages 
Icterus  ..... 

Diarrhea        ..... 


92.0 

per 

cent 

81.2 

" 

450 

" 

" 

34-1 

" 

" 

30.0 

" 

" 

Other  symptoms  which  are  often  encountered  are  dyspnea, 
convulsions,  coma,  paralysis,  suppression  of  urine,  fever, 
severe  thirst,  clay-colored  stools,  abortion,  etc.  Hamilton 
and  Godkin  '*  state  that  ten  to  fifteen  per  cent  of  all  cases 
die  within  twenty-four  hours,  and  various  observers  re- 
port death  within  a  few  hours.  Many  cases,  however,  last 
for  several  da}\s,  and  there  may  be  an  interval  of  compara- 
tive comfort  after  the  first  sudden  symptoms  before  the  case 
again  becomes  serious. 

Taking  the  acute  and  the  sub-acute  cases  together,  death 
may  occur  in  seven  hours  (Maschka),  or  as  late  as  the 
seventeenth  day  (Hessler).  The  following  partial  table 
gives  the  variation  in  the  time  of  death  after  taking  the 
poison,  with  some  other  facts : 
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Observer. 


1.  Maschka   . 

2.  Tijngel 

3.  Kiinslmann 
4- 

5.  Coupland  . 

6.  Heberda  . . , 

7.  Maschka  . , 
S.  Burge  .... 
9.  Pastau    ... 

10.  Stumpf  . . . , 

11.  Mialhe. ... 

12.  Grose 

13.  Vollbracht 

14.  Knig 

'5-      "     

16.  Leonpachcr 
17. 

18.  Oppolzer. . 

19.  Buchner  . . , 


s«. 

Age. 

Child. 

3  wks. 

V. 

25  yrs. 

V. 

56    " 

F. 

32    " 

F. 

14  tnos. 

F. 

21  yrs. 

F. 

16    " 

F. 

■5    " 

F. 

34    " 

F. 

17    " 

1-. 

12    " 

F. 

5    " 

F. 

? 

V. 

IS    " 

1-: 

15    " 

F. 

78    " 

F. 

17    " 

F. 

24    " 

M. 

Adult. 

Form  and  Amount. 


3  match  heads. 
Not  given. 


Sucked  malchci. 
Not  given. 
Match  heads. 
100  match  heads. 
8  pkg.  match  heads. 
Not  given. 

Paste. 

2  pkg.  matches. 

I  So  match  heads. 

250      "  " 

Not  more  than  0.06 

Not  given. 

6  pkg.  matches. 

Rat  poison. 


Day  of  Death. 


Seven  hours. 

A  few       " 

24 

30 

44 

3  days. 

3  " 

4  " 

5  " 
5  " 
5  " 
5    " 

5  " 

6  " 

6  " 

7  " 


Of  two  hundred  and  nineteen  cases  collected  from  the  Utera- 
ture,  one  hundred  and  ninety-three,  or  88.12  per  cent,  died 
within  the  first  seven  days,  as  will  appear  from  the  annexed 
curve.  Of  two  hundred  and  eight  fatal  cases  cited  in  VVitthaus 
and  Becker,'''  the  shortest  duration  was  seven  hours,  the  long- 
est was  fifty-three  days,  and  the  average  five  and  one-quarter 
days.  The  percentage  of  fatal  cases  is  there  estimated  at 
about  eighty  per  cent. 

The  effects  of  phosphorus  in  the  organism  may  be  con- 
:<idercd  with   reference  to  the  human   subject  or  to  animals. 
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both    subjectively    and   objectively    (liiriii<x    Hfc,    and    in    tlie 
lesions  found  post-mortem. 

In  from  ten  to  fifteen   per  cent  of  the  cases  the  onset  of 
symptoms    is    rapid,  but    in    the    niajorit}'  they   appear  only 


Curve  showing  day  of  death   in  219  cases  of  phosphorus  poisoning;   193, 
or  8S.12  per  cent,  died  uitliin  the  first  seven  days. 


after  several  hours  or  daj's.  There  is  a  peculiar  odor  in 
the  breath,  there  are  nausea  or  vomiting,  thirst,  slight  fever, 
diarrhea,  and  the  vomitus  and  the  feces  may  smell  of  phos- 
phorus and  glow  in  the  dark.  The  feces  may  be  clay  col- 
ored or  acholic,  but  as  the  color  of  normal  feces  depends 
upon  the  presence  in  the  intestine  of  the  products  of  both 
the  liver  and  the  pancreas,  bile  may  be  present  even  in 
seemingly  acholic  feces,  if  there  be  a  lack  of  pancreatic 
juice  in  the  intestine.  The  liver  becomes  large  and  tender. 
Epigastric  and  abdominal  pain  may  be  severe  and  continu- 
ous or  intermittent.  Icterus  is  common  by  the  third  day  if 
the  case  live  till  then.  Fever  is  seldom  high,  and  toward 
the  end  the  temperature  may  be  subnormal.  The  pulse  is 
usually  feeble,  and   this   may  progress   to  complete  cardiac 
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failure,  as  might  be  expected  from  the  fattj'  changes  in  the 
heart.  Delirium  and  convulsions  are  not  uncommon,  and 
coma,  if  present,  may  resemble  tiie  uremic  form.''^ 

The  urine  is  frequently  either  diminished  or  suppressed. 
Bettelheim '  found  a  great  increase  in  the  alkaline  phos- 
phates in  the  urine.  Free  fat,  albumin,  blood  cells,  bile 
pigment,  and  both  leucocytes  and  epithelia  in  fatty  degen- 
eration have  been  found  in  the  urine.  Sarcolactic  acid,'"'  '■* 
leucin,  and  tyrosin  occur  in  the  urine,  and  Bauer  found  para- 
lactic  acid.  The  urea  is  at  first  diminished,  then  increased, 
and  afterward  much  decreased,  with  a  corresponding  increase 
in  the  liver,  the  muscles,  and  the  brain."  Selmi  found  vola- 
tile phosphorous  compounds  in  both  the  urine  and  the  brain, 
and  all  were  to.xic.''*  Hemoglobinuria  is  described  by  Sil- 
bermann.'"' 

Post-mortem  the  lesions  arc  evident  in  a  certain  relation 
to  the  amount  and  form  of  the  poison  ingested  and  the  dura- 
tion of  life  afterward.  The  skin  and  conjunctivae  may  be 
jaundiced  and  petechial  hemorrhages  in  the  integument  are 
common.  The  muscle  of  the  heart  may  be  pale,  or  yellow 
and  friable,''  and  the  cardiac  lesion  may  be  seen  as  early 
as  the  third  day.'''  The  intima  of  the  vessels  may  be 
in  fatty  degeneration,  and  rhexis  of  small  vessels  is  common 
and  may  be  general.  Klebs  found  the  vessels  of  the  sub- 
cutis  in  fatty  degeneration,  and  Orth  and  Heschl  have  de- 
scribed the  same  lesion  in  the  brain.  Hemorrhages,  usually 
of  small  e.xtent,  ma\-  occur  in  any  organ  and  in  the  muscles, 
including  the  tongue,  heart,  and  uterus,  and  also  under  serous 
and  mucous  membranes.  Extreme  congestion  of  the  liver, 
kidneys,  ovaries,  spleen,  uterus,  and  other  organs  has  been 
reported.  Peripheral  gangrene  has  been  noted  by  Ehrlich, 
Heberda,  Vollbracht,  and  others.  The  blood  after  death  ma)- 
be  incompletely  coagulated,  which  is  explained  by  Corni  and 
Ansiau.x  as  due  to  lack  of  fibrinogen,  fibrin  ferment,  and 
prothrombin.  Heberda  contradicts  this  view,  though  it  is 
supported  by  experimental  studies  of  Friinkel  and  Rohmann. 
The  lungs  may  not  be  altered  apparently,  but  small  hem- 
orrhages under   the    pleura    and    throughout  the  organ    are 
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not  iiiicommoii.  Wcgncr  found  fatty  degeneration  in  the 
tissue  of  the  hmi;  in  clironic  cases.  I'lippe,  Carrara,  and 
others  describe  fatt}'  embolism  of  the  puhiionary  capil- 
laries.     (Cited  in  61.) 

The  spleen  is  variously  described  as  firm  and  congested, 
enlarged  and  soft,  or  practically  normal.  The  Malpighian 
bodies  may  be  prominent  on  the  fresh  section.  Hessler 
claims  that  seventy-five  per  cent  of  all  cases  have  enlarge- 
ment of  the  spleen. 

The  liver  invariably  shows  lesions  after  toxic  doses  of  phos- 
phorus. Since  Rokitansky  in  1859  and  Hauff  in  1861  first 
called  attention  to  the  hepatic  effects  of  phosphorus,  all 
observers  liave  agreed  in  describing  fatty  lesions  of  the  organ 
in  such  cases.  Some  of  the  more  enthusiastic  have  described 
in  addition  early  and  rapid  proliferation  of  periportal  con- 
nccti\'e  tissue,  a  lesion  developed  experimentally  over  long 
periods  by  Wegner,  but  which  in  the  rapidly  fatal  cases  in 
the  human  subject  may  be  as  truly  a  coincidence  as  the 
arterial  hypoplasia  described  by  Manner  in  cases  associated 
with  gangrene  of  the  extremities.  In  gross  the  liver  ma\- 
be  large,  with  swollen  and  blunt  edges.  In  consistence  it 
may  be  firm  or  impressible,  mottled  red  and  yellow,  con- 
gested, anemic  (Hurgl),  or  with  only  the  average  amount  of 
blood  (Heberda).  Frequently  it  is  stained  with  bile.  In 
older  cases  there  may  be  diminution  in  the  size  of  the  organ, 
indistinctness  of  the  acini,  and  red  areas  where  destruction  of 
the  cells  has  left  the  turgid  vessels  surrounded  by  detritus. 
This  form  resembles  the  liver  of  acute  yellow  atrophy.  An 
excess  of  fat  may  be  present  early,  distributed  all  through 
the  acini  or  confined  to  the  peripheries,  where  degeneration 
is  apt  to  begin.  Microscopically  the  amount  of  fat  varies, 
but  in  the  highest  grade  there  is  complete  destruction  of  the 
cells.  The  bile  capillaries  maybe  found  empty  and  pervious  (v. 
Pastau),  or  plugged  with  mucus  (v.  Ebstein  and  Bollinger), 
and  the  mucus  plug  may  have  become  hyaline.  Kohts,  and 
Munk  and  Leyden  agree  in  ascribing  the  jaundice  to  exten- 
sion of  inflammation  from  the  duodenum  and  plugging  of 
the  biliary  capillaries.     Meyer"''  found,  beside  occlusion   of 
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the  finer  biliary  passages,  plugging  of  the  common  bile  duct 
also,  and  diffuse  periportal  proliferation  of  connective  tissue. 
The  kidnej-s  may  be  large.  Cayley  '^  in  one  case  gives 
their  weight  as  eleven  and  three-quarters  ounces  together. 
They  may  be  congested  or  pale  or  yellow.  The  cortices 
are  usually  swollen  and  opaque,  or  distinctly  )-e!low.  Burgl' 
gives  them  as  swollen  but  not  opaque,  with  prominent 
glomeruli,  in  one  of  his  cases.  Jaundice  and  ecchj'moses 
are  often  found  in  this  organ.  Microscopically,  in  early 
cases  the  epithelia  of  the  convoluted  tubuJes  are  fatty ;  later 
the  cells  of  Henle's  Joops,  of  the  straight  tubes,  and  even  of 
the  capsules  of  the  glomeruli  may  be  fatty  (Meyer,  Virchow's 
Arch,  .x.xxiii).  The  tubules  may  be  more  or  less  completely 
filled  with  desquamated  fatty  epithelia,  leucocj'tes,  which  also 
may  contain  fat,  bile  pigment,  and  hyaline  casts. 

The  mucous  membrane  of  the  stomach,  apart  from  small 
hemorrhages,  may  be  uniformly  pale  and  swollen,  cloudy 
and  opaque,  and  white,  gray,  or  \'ellow.  Superficial 
erosions  are  described  by  some  observers,  but  it  is  possible 
that  post-mortem  softening  of  the  superficial  layers  of  the 
mucosa  may  have  been  confounded  with  ante-mortem  con- 
ditions. Microscopically  the  cells  of  the  glandules  are  so 
swollen  that  their  lumina  are  obliterated.  These  cells  are 
opaque  and  granular,  of  a  light  yellow  gray  color  by  trans- 
mitted, and  white  by  reflected,  light.  Acetic  acid  does  not 
clear  them.  This  lesion  constitutes  the  gastradenitis  phos- 
phorica  of  Virchow''"  and  is  found  in  about  one-half  of  the 
cases.  It  may  be  confined  to  either  the  pylorus  or  the 
cardiac  end  of  the  stomach,  or  be  general. 

The  intestine  may  share  in  the  inflammation  or  escape 
cntirel)'.  Superficial  and  punctate  hemorrhages  have  been 
seen,  Peyer's  patches  anc'  tiie  solitary  follicles  may  be 
swollen,  and  the  glands  of  Brunner  and  of  Lieberklihn  may 
resemble  those  of  the  stomach.  The  mesenteric  nodes  may 
be  hyperemic  and  swollen  (Coupland")- 

The  pancreas  is  usually  in  a  condition  of  fatt)'  degenera- 
tion. 

One  of  the  most  recent   studies  of  phosphorus,  in  relation 
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to  its  effect  upon  metabolism  in  man,  was  pniilished  by  Pecci/' 
He  finds  that  in  severe  cases  of  acute  phosphorus  poi- 
soning the  nitrogen  excreted  as  urea  is  decreased  ;  that  the 
nitrogen  excreted  as  ammonia  is  increased,  in  direct  pro- 
portion to  the  amount  of  proteid  destruction  in  the  body; 
and  that  the  nitrogen  lost  as  uric  acid  is  increased  both  abso- 
hitcly  and  relatively.  The  last  of  these  observations  is 
explained  as  due  in  part  to  destruction  of  tissue  ricli  in 
nuclein.  The  phosphates  in  both  urine  and  feces  are  in- 
creased, the  chlorides  vary  with  the  amount  ingested  in  the 
diet.  The  sulfates  vary  with  the  degree  of  proteid  destruc- 
tion, keeping  pace  with  the  nitrogen.  The  conclusion  is 
readied  that  phosphorus  causes  a  great  increase  in  catabol- 
ism,  and  that  there  is  an  active  formation  of  ammonia  in  the 
body  to  counteract  this. 

The  acute  lesions  obtained  by  e.xpcriments  upon  animals 
do  not  differ  essentially  from  those  noted  for  man.  Besides 
the  various  fatty  changes  and  the  ecchymoses  already  men- 
tioned, Puppe  found  the  fatt}'  contents  of  the  blood  increased 
in  a  dog  fed  with  phosphorus,  and  "  free  fatty  crystals"  may 
be  seen.  The  same  is  noted  by  Menard,  Wegner,  and  Corni 
and  Ansiaux.  Kronig  after  feeding  phosphorus  to  a  dog  for 
thirty-six  days  found  fatty  degeneration  of  the  liver,  with  dil- 
atation of  its  vessels  and  bile  ducts,  and  after  seventy-nine 
days,  h\'aline  and  fatty  degeneration  of  the  hepatic  vessels. 
After  one  hundred  and  si.x  days  the  liver  cells  were  vacuo- 
lated, their  nuclei  broken  down  or  absent,  foci  of  leucocytes 
and  detritus  of  hepatic  cells  appeared,  and  increase  of  the 
periportal  tissue.  Lebedefif  asserts  that  the  fat  in  the  liver  is 
brought  to  the  organ,  and  is  hence  a  fatty  infiltration,  but  his 
experiments  are  without  value.  Leo  thinks  that  although  the 
liver  gains,  and  other  parts  of  the  body  lose  in  fat,  the  total 
in  the  body  is  increased ;  consequently  there  must  be  some 
production.  Leisering  studied  four  fowls,  two  males  and  two 
females,  accidentally  poisoned  by  phosphorus,  finding  little 
beyond  congestion  in  the  organs  of  the  former  and  marked 
fatty  changes  in  the  latter.  Since  the  males  were  spare  and 
the  females  were  fat  he  argues  that  the  fat  was  carried  to  the 
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liver.  But  he  reports  that  the  kidneys  in  the  females  were 
fatty,  and  does  not  claim  such  a  transport  for  these  orii;ans. 
Senftleben  gave  about  0.03  gram  of  phosphorus  to  a  rabbit 
by  injection,  and  on  the  following  day  about  0.015  gram  by 
the  mouth.  Death  occurred  on  the  ne.Kt  day  and  already  the 
mj'pcardium  was  fattj'  and  without  striation,  and  there  was 
beginning  fatty  degeneration  in  the  villi  of  the  intestine  and 
in  the  kidneys.  Wegner  by  careful  feeding  experiments 
with  dogs,  cats,  and  rabbits,  carried  on  for  several  months, 
found  the  gastric  mucosa  swollen  to  as  much  as  three  times 
its  normal  thickness,  indurated,  and  of  a  brown  color,  espe- 
cially in  the  fundus,  with  elongation  of  the  glands  and  increase 
of  the  stroma.  The  liver,  beside  the  customary  fatty  changes, 
showed  interstitial  hepatitis  "  in  optima  forma."  Silbermann 
injected  phosphorus  oil  subcutaneously  in  dogs  and  obtained 
multiple  autochthonous  thrombi  in  various  organs  and  per- 
ipherally. His  opinion  was  that  such  thrombi  might  have  a 
causal  relation  to  the  parenchymatous  degenerations  so  char- 
acteristic of  phosphorus  poisoning.  He  also  found  marked 
hemolytic  effects,  the  red  cells  becoming  swollen  and  taking 
on  various  distorted  forms,  and  the  white  cells  becoming  less 
numerous  and  more  or  less  fragmented.  Somewhat  similar 
effects  were  observed  by  Frankel  and  Rohmann  in  experi- 
ments on  fowls.  Taussig  describes  "  an  enormous  destruction 
of  the  red  cells  "  in  fowls.  Briliant  found  that  both  by  injec- 
tion and  feeding  experiments  the  blood  pressure  was  reduced 
by  phosphorus,  but  even  more  by  PH5.  Falck  states  that 
subcutaneous  injections  of  phosphorus  in  oil  cause  great 
increase  in  general  metabolism  in  animals,  with  increase  in 
the  activity  of  the  kidneys  and  the  amount  of  the  urine,  de- 
crease of  the  activity  of  the  lungs  and  skin,  and  that  from 
54.4  to  97.6  per  cent  of  the  phosphorus  injected  was  elimi- 
nated by  the  urine  as  PjOj.  Taylor  (Journ.  Med.  Research, 
Vol.  IX.,  No.  I.,  p.  59)  finds  that  an  essential  action  of 
phosphorus  is  its  liberation  of  fat  from  combination  with 
proteids,  reversing  "  a  normal  metabolic  relation."  The 
result  of  such  a  proteolysis  is  the  appearance  of  free  fat  in 
the  cell. 
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FAPERIMENTAI.. 

In   our    experiments,   dogs   I.   and   II.   were   given  the   fol- 
lowing doses  of  P4S3 : 


Dog  I. 

Dog  II. 

Day. 

A.M. 

P.M. 

Daily  total. 

A.M. 

P.M. 

Daily  total. 

Gram. 

Gram. 

Gram. 

Gram. 

Gram. 

Gram. 

I 

0.218 

0.000 

0  218 

0  217 

0.000 

0.217 

2 

0.046 

0.040 

O.0S6 

0.042 

0.043 

0.085 

3 

0.051 

0.063 

0. 114 

0053 

0.045 

0.098 

4 

0.045 

0.064 

0.109 

0.04S 

0.057 

0.105 

5 

0.052 

0.065 

0. 117 

0.048 

0.075 

0.123 

6 

0.030 

0.023 

0.053 

0053 

0.067 

0.120 

7 

0.097 

o-'35 

0.232 

0.136 

0.154 

0.290 

8 

0.142 

01 35 

0.277 

0.149 

0.  112 

0.261 

Totals 

0.681 

0.525 

1.206 

0.746 

°-S53 

1.299 

Total,  fir 

>t  period. . 

1.206 

1.299 
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After  the  kqjse  of  a  week  a  second  period  of  dosage  began, 
as  follows : 


Doc  I. 

Dog  II. 

Day. 

A.M. 

r.M. 

Daily  total. 

A.M. 

p.„. 

Daily  total. 

I 

Gram. 
O.I  28 

Gram. 
O.0S5 

Gram. 
0  213 

Gram. 
0.106 

Gram. 
O.ogo 

Gram. 
0.196 

2 

0.092 

0.093 

O.I  85 

0.084 

0.098 

0.182 

3 

0.073 

0.078 

0.I5I 

0.086 

0.064 

0.150 

4 

0.076 

0.073 

0  149 

0.134 

0.082 

0.216 

5 

0.055 

0.067 

0.122 

0.060 

0.059 

O.I  19 

6 

0.096 

0.099 

0-I95 

0.096 

0.107 

0.203 

7 

o.iiS 

0  092 

0.210 

0.068 

O.IOO 

0.168 

8 

0.096 

0.097 

0.193 

O.IOI 

0.109 

0.210 

Totals 

0-734 

0.684 

1.418 

0735 

0.709 

1.444 

second  pe 
forward   . . 

1.41S 
1.206 

1.444 
1.299 

Brought 

Total  amount  received 2.624        -'743 


Average  daily  dose,  first  period,  0.15075 

"  "         "     second  period,  0.1772 

"        morning  dose,  o  0SS4 

"        evening      "  0.0753 


0.1623 
0.1805 
0.0925 

0.07S8 


Dog  III.  received  single  large  daily  doses  for  four  days,  as 
follows : 

First  day         ....  i.OOO  gram. 


Second  day 
Third  day 
Fourth  day 

Total 
Average  daily  dose 


1. 516 

1.600 
1.845 

5.961 
1 .4902 
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Dcg  IV.  received  a  single  close  of  lO.O  grams. 

Each  dog  received  the  following  daily  food  in  two  portions  : 
Meat         .  .  .  .  .  160  grams. 

Crackers  ....  40 

Lard 30 

Water 430  c.c. 

At  the  beginning  of  the  first  period  the  weight  of  dog  I. 
was  7,820  grams,  and  at  the  end  7,707,  being  a  loss  of  one 
hundred  and  thirteen  grams.  Dog  II.  at  first  weighed  6.880 
kilo  and  at  the  end  7.480,  showing  a  gain  of  six  hundred 
grams.  The  total  daily  amount  of  the  urine  and  its  specific 
gravity  could  not  be  determined,  as  the  animals  could  not 
be  catheterized.  The  cages  were  washed  clown  with  distilled 
water  and  the  urine  made  up  to  a  definite  amount  (500  c.c), 
and  aliquot  quantities  of  this  were  taken  for  analysis. 

The  feces  were  dried  to  constau't  weight.  Before  medica- 
tion the  daily  amount  of  feces  was  about  eight  grams  in  the 
moist  condition.  After  administering  the  tetra-phosphorus 
tri-sulfid  the  daily  amount  of  feces  increased,  averaging  fifteen 
grams  for  the  first  period.  In  consistence  the  feces  were 
fluid,  and  at  times  there  was  slight  diarrhea.  Dog  I.  lost  a 
little  blood  from  the  bowel  on  one  occasion ;  this  was  due  to 
his  having  swallowed  a  bit  of  wire  in  his  food.  When  the 
P4S3  was  stopped,  the  daily  amount  decreased,  but  rose  again 
during  the  second  period.  Dog  II.  suffered  from  diarrhea  on 
stopping  the  drug.  The  attack  lasted  but  a  day  and  the 
amount  of  feces  was  fifty-five  grams.  The  average  amount 
was  higher  throughout  the  second  period  and  the  average 
daily  dose  was  also  higher.  The  curve  of  the  daily  totals  of 
feces  thus  shows  a  steady  upward  movement. 

Metabolism  of  nitrogen.  —  The  total  nitrogen  in  the 
diet  was  5.88  grams.  In  the  case  of  dog  I.,  for  the  two  weeks 
preceding  medication  the  amount  of  assimilated  nitrogen 
approached  the  available  total  without  actually  reaching  it 
except  on  the  eighth ;  and  the  daily  variations  were  all 
above  the  level  of  five  grams  except  once,  on  the  eleventh. 
It  is  therefore  safe  to  saj'  that  of  the  available  5.88  grams 
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of  niti"o<;on  only  0.8S  gram  were  not  assimilated.  This  con- 
tinued for  three  days  after  beginning  the  administration  of 
l)hosphorus  tri-sulfid,  until,  in  other  words,  the  animal 
had  received  0.418  gni.  of  the  drug.  From  that  point  there 
was  a  distinct  lessening  of  the  nitrogen  assimilated,  a  recov- 
ery at  the  end  of  the  first  period,  and  a  second  fall  which 
lasted   through  the  same   period. 

The  corresponding  curve  for  dog  II.  represents  a  similar 
fall  during  and  after  tlie  first  jjeriod,  a  recovery  during  the 
pause,  and  a  lower  average  afterward.  The  fluctuations 
were  marked  after  the  end  of  the  second  period,  reaching 
the  lowest  level  of  the  whole  series  on  the  fifth  day  after 
discontinuing  the  doses. 

The  curve  of  nitrogen  balance  was  kept  for  dogs  I.  and  II. 
and  showed  practically  a  balance  before  medication,  although 
the  nitrogen  was  not  totally  assimilated.  Then,  with  the 
beginning  influence  of  the- phosphorus  compound,  the  slight 
apparent  deficiency  was  exaggerated,  and  after  stopping  the 
drug  the  dogs  had  not  nearly  returned  to  a  condition  of 
nitrogen  balance.  In  further  experiments  the  animals  will 
be  kept  to  see  when  they  return,  if  ever,  to  an  equilibrium. 

In  the  case  of  dog  II.  the  amount  of  nitrogen  in  the  feces 
was  charted.  At  the  end  of  each  administration  period 
there  is  a  decided  increase  in  the  amount  recovered.  The 
curve  persists  on  a  high  level  for  ten  days  after  stopping  the 
drug. 

•These  variations  in  the  assimilation  of  nitrogen  may  be 
explained  in  part  by  the  lesion  in  the  alimentary  canal, 
which  undoubtedly  impaired  the  absorbing  power  of  the 
mucous  membrane,  but  the  synchronous  destruction  of  pro- 
teid  in  the  formed  elements  of  the  body  must  also  be  taken 
into  account. 

The  metabolism  of  phosphorus  during  the  first  period  for 
dog  I.  rose  steadily,  as  follows: 

Dog  I.,  Day  i  ...  0.05  gram. 

2  .  .  .  o.  10 

3  ...         0.18 
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ogl.,  Day4 

0. 1  5  gram 

5 

0.23 

6 

0.22 

7 

0.20 

8 

0.28 

econd  day  of  pause 

0.38 

l""i'om  the  latter  point  it  fell  through  the  reiiiaimicr  of  the 
pause  and  the  first  days  of  the  second  period.  In  the  case 
of  dog  II.  the  trend  of  the  curve  was  upward,  from  0.20  gram 
at  the  first  to  0.44  gram  on  the  second  day  of  the  pause. 
The  observations  for  both  dogs  were  untrustworthy  for  the 
second  period,  owing  to  inaccurate  collection  of  the  material, 
and  are  not  given. 

Metaboli.sm  of  sulfur. —  P'or  both  dog  I.  and  dog  II. 
the  fluctuations  in  the  total  sulfur- contained  in  the  urine 
during  twenty- four  hours  were  marked  before  the  adminis- 
tration of  P4S3,  with  a  general  upward  trend  for  the  ten  days 
preceding  medication.  The  highest  point  reached,  from  a 
start  at  0. 16  gram  for  both  dogs,  on  the  eighth,  was  0.261 
five  days  later  for  dog  I.,  and  0.212  nine  days  later  for  dog 
II.  In  each  period  of  treatment  there  was  an  evident  fall, 
but  in  the  first  period  this  occurred  during  the  beginning 
with  each  dog  and  in  the  second  toward  the  end  of  the 
period.  Between,  there  was  a  recovery,  which  was  well 
marked  at  the  end  of  the  first  period,  lasting  through  the 
pause  and  the  early  half  of  the  second   period. 

The  general  course  of  the  curve  for  ethereal  sulfur  is 
upward,  beginning  with  the  first  medication  and  rising 
steadily  through  both  periods  and  the  pause  between.  Dog 
I.  shows  the  following  figures,  given  in  tenths  of  a  gram,  on 
alternate  days  through  the  whole  twenty-two  days  : 


Dog  I.,  Day  i 

4 

5 
7 
9 


i.o 
4.0 


3-4 
2.3 


2o6 
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Dg  I.,  Day  11 

3-4 

>3 

30 

i6 

4.8 

iS 

8.3 

21 

10. 1 

A  similar  but  less  pronounced  rise  was  evident  in  the  curve 
of  ethereal  sulfur  in  the  case  of  dog  II.  With  this  dog  there 
was  a  fail  after  stopping  the  second  period,  the  curve  run- 
ning down  for  the  next  ten  days.  On  the  whole,  the  varia- 
tions in  the  excretion  of  ethereal  sulphates  were  of  more 
restricted  range  than  those  of  alkaline  sulphates,  both  actually 
and  relatively. 

Metabolis.M  ok  fat.  —  The  disturbance  in  the  meta- 
bolism of  fat  was  even  more  marked  than  in  the  case  of 
nitrogen.  The  feces  often  contained  masses  of  undigested 
fat  on  gross  examination.  The  curve  of  fat  assimilated 
underwent  great  fluctuations,  and  the  curve  of  unassimilatcd 
fat,  excreted  as  such  in  the  feces,  rose  steadily  for  dog  I., 
and  during  the  second  period  for  dog  II.  On  the  whole, 
these  characters  were  less  evident  for  dog  II.  than  for  dog  I. 
The  daily  record  of  fat  in  the  feces  of  dog  I.  is  as  follows : 


Dog  I.,  Day  i 


r  I     . 

0.8  gram. 

2 

3-4 

3   • 

I.O 

4  • 

0.8 

5   • 

8.0 

6    . 

8.0 

7    ■ 

40 

8    . 

8.4 

Pause  of  one  week 

9    • 

3.0 

10    . 

3-2 

II. 

1.2 

12     . 

1.2 

13     • 

5-6 

14    . 

1.0 

TOXlCnV    OF   TETRA-l'IIOSPllORUS    TRI-SULFID.        207 


Second  Teriod 

Dog  I.,  Day  16     . 

I  1.0 

17     . 

12.0 

18     . 

44 

19     . 

4-4 

20    . 

8.4 

For  dog  II.  tlic  variations  ran  from  2.0  grains  on  the  first 
day  to  7.4  grams  on  the  fifth  day  of  the  first  period.  After 
stopping  the  drug  the  tendency  was  to  return,  in  each  case, 
to  the  original  low  level,  without  ever  quite  reaching  it. 

It  is  interesting  and  important  that  neither  albumin,  sugar, 
leucin,  nor  tyrosin  was  ever  detected  in  the  urine  of  any  of 
the  dogs. 

Sevene  and  Blanc  report  that  animals  exposed  to  the  va- 
por of  tetra-phosphorus  tri-sulfid  succumb  sooner  or  later. 
The  fifth  experiment  consisted  in  covering  a  rabbit  with  a 
large  bell  jar,  through  which  air  was  passed  at  the  rate  of 
five  hundred  cubic  centimeters  per  minute.  All  the  air  thus 
passed  through  went  first  through  five  layers  of  the  com- 
pound, alternating  with  layers  of  absorbent  cotton,  and  then 
through  two  water  bottles  containing  respectively  solutions  of 
acetate  of  lead  and  nitrate  of  silver.  Before  passing  through 
the  compound  the  air  went  through  a  wash  bottle  containing 
water,  and  was  saturated  with  moisture.  After  several  hours 
in  this  apparatus  and  under  these  conditions  the  rabbit 
showed  absolutely  no  effect.  The  bottle  containing  the  ni- 
trate of  silver  was  then  removed,  so  that  the  respired  air  con- 
tained any  volatile  compounds  of  phosphorus  which  might 
be  taken  up.  Nothing  was  noted  beyond  slight  acceleration 
of  the  respiration.  The  animal  was  quiet  and  fed  readily. 
The  bottle  containing  acetate  of  lead  was  then  removed,  so 
that  the  animal  breathed  any  volatile  compounds  of  phos- 
phorus or  sulfur  which  might  have  been  absorbed.  The 
condition  of  the  animal  remained  normal,  and  after  these 
observations  had  been  carried  on  over  three  days  they  were 
abandoned. 
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Tlie  dogs  were  killed  by  puncture  of  the  medulla,  except 
the  fourth  animal,  and  the  organs  were  put  in  hardening  fluids 
immediately.  The  records  of  the  gross  and  microBCopical 
examinations  were  as  follows  : 

Necropsy  of  male  dog  No.  i.,  Dec.  lo,  1901,  weight  7.7  kilo. 

Animal  well  nourished.  General  inspection  of  the  abdominal  contents 
discovers  nothing  abnormal. 

Liver.    Color  pale,  consistency  normal,  markings  of  acini  distinct. 

Kidneys.  Capsules  peel  easily,  surfaces  smooth  and  pale,  cortices  pale, 
slightly  swollen,  bulge  a  little  above  the  section,  markings  indistinct, 
glomeruli  visible  as  minute  red  points. 

Spleen.     Normal  in  color,  size,  and  consistence. 

Pancreas.       Pale  and  anemic. 

Mesenteric  nodes  distinctly  swollen  and  pink. 

Stomach.  Slight  congestion  in  fundus,  contains  a  small  amount  of  undi- 
gested food,  mucosa  apparently  normal. 

Duodenum.  Mucosa  thickened  and  bile  stained,  surface  of  small  intes- 
tine throughout  covered  with  thick,  frothy  mucous;  agminate  and  solitary 
follicles  prominent,  being  slightly  edematous  ;  no  fecal  odor  in  any  part  of 
intestine. 

Heart  in  valves  and  myocardium  apparently  normal. 

The  liver  on  chemical  analysis  contained  6.25  percent  of  fat. 

Microscopic  Examination.  —  Liver.  The  cells  in  the  peripheries  of 
the  acini  are  in  a  state  of  fatty  degeneration,  and  yet,  on  the  whole,  even 
here  the  nuclei  are  well  preserved  and  take  the  stain  freely.  In  places  the 
protoplasm  is  reduced  to  a  mass  of  detritus  and  free  nuclei.  The  bile 
ducts  are  normal.     There  is  no  excess  of  connective  tissue. 

Pancreas.  The  cells  are  everywhere  swollen  and  the  nuclei  are  vesic- 
ular;  the  protoplasm  is  slightly  acidophile.  The  islands  of  Langerhans 
appear  normal.  The  cells  of  the  ducts  are  swollen,  and  this  decreases 
their  lumina  appreciably. 

Kidney.  There  is  some  active  hyperemia  of  the  corte.x,  but  not  of 
severe  degree.  The  epithelia  of  the  cortical  tubes  for  the  most  part  are 
well  preserved,  only  here  and  there  the  nuclei  are  vesicular,  and  there  is 
cell  detritus  in  the  lumina  of  the  tubes.  The  Malpighian  bodies  and  the 
looped  tubes  are  normal. 

.Spleen.  The  organ  is  generally  hyperemic  and  a  few  small  hemorrhages 
are  found.     The  lymphadenoid  bodies  are  slightly  hyperplastic. 

Lung.  In  general  the  organ  is  hyperemic  and  edematous,  but  not  to  a 
marked  degree.  In  some  areas  there  is  hemorrhage  into  the  alveoli,  and 
about  these  are  small  thrombi  of  red  cells  in  the  capillaries. 

Small  intestine.  In  the  villi  there  is  a  slight  active  hyperemia,  the 
investing  epithelia  are  well  preserved,  and  there  is  an  apparent  excess  of 
beaker  cells. 
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Mesenteric  node.     liotli  hypereniic  and  edematous. 

Heart.  The  vessels  of  the  myocardium  are  congested,  the  muscle  fibers 
are  opaque,  and  their  striation  is  indistinct,  but  the  nuclei  are  generally 
well  defined  and  take  the  stain  well. 

Prostate.     Normal. 

Necropsy  of  male  dog  No.  11.,  Dec.  21,  1901. 

Dog  well  nourished  ;  weight  7.48  kilo.  ;  the  omentum  contains  a  large 
amount  of  fat. 

Liver.     Very  much  congested,  but  apparently  normal  in  structure. 

Kidneys.  Large,  capsule  peels  readily,  the  surface  is  smooth  and  of  a 
mottled  red  color.  On  section  the  cortex  is  swollen  and  the  markings  are 
indistinct. 

Spleen.  The  lymph-.idenoid  structures  are  very  |>rominent,  otherwise 
the  organ  is  normal. 

Pancreas.  The  org. in  is  small  and  congested  and  there  is  an  apparent 
increase  in  its  stroma. 

Stomach.  Full  of  undigested  food  and  the  mucosa  shows  slight  general 
(functional)  hyperemia. 

Small  intestine.  The  mucosa  is  thickened  and  covered  with  an  excess 
of  mucus.  In  the  lower  portion  there  is  some  pigmentation  with  bile  and 
the  same  excess  of  mucus.  No  fecal  odor  observed  throughout  the  intes- 
tine. 

Heart.     Normal. 

Microscopic  Examination.  —  Liver.  The  protoplasm  of  the  hepatic 
cells  is  coarsely  granular  or  actually  lacking  in  many  places,  but  the  nuclei 
persist  and  take  the  stain  well.  This  is  true  of  the  entire  acinus.  The 
capillaries  in  the  acini  are  hyperemic.  There  is  no  pigmentation  of 
the  organ.  The  bili.u'y  capillaries  are  pervious  and  their  epithelia  are 
normal. 

Kidneys.  There  is  acute  arteri.d  hyperemia  throughout  the  cortex,  and 
in  its  outer  zone  there  is  much  granular  degeneration  of  the  epithelia.  In 
the  lower  zone,  just  above  the  pyramids,  and  in  the  columns  of  Bertini, 
the  tubes  present  either  a  granular  epithelium  whose  nuclei  are  well  pre- 
served, or  the  cells  are  beginning  to  break  down. 

Spleen.  The  lymphoid  tissue  is  copious  and  proliferating;  elsewhere 
there  is  much  granular  brownish-yellow  pigment,  both  free  and  enclosed 
in  leucocytes. 

Pancreas.  The  protoplasm  of  the  cells  is  distinctly  acidophile  and 
finely  granular ;  the  nuclei  are  distinct  and  stain  well,  but  are  generally 
vesicular  and  have  their  chromatin  disposed  in  minute  granules ;  the 
nucleoli  are  large  and  prominent.  The  vessels  are  normal,  there  is  no 
increase  of  connective  tissue,  and  the  epithelia  of  the  ducts  are  slightly 
swollen  but  not  granular. 

Small  intestine.  The  investing  epithelium  shows  an  excess  of  beaker 
cells.     The  core  of  each  villus  presents  a  dilated  lymph  channel ;  and  the 
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solitary  follicles  are  lar<;e  and  their  lymphatics  arc  wide  and  contain  dark 
amorphous  pigment,  both  free  and  in  leucocytes.  The  leucocytes  of  the 
follicles  have  scanty  granular  chromatin  in  their  nuclei.  Some  villi  are 
slightly  hypereniic. 

Heart.  Striation  of  the  muscular  fibres  well  preserved,  no  fatty  degen- 
eration or  hyperemia  noted. 

Adrenal.  The  protoplasm  of  the  cells  in  the  middle  and  outer  zone  is 
marked  by  fine  vacuoles ;  in  the  central  zone  there  is  little  vacuolation 
but  some  hyperemia. 

No  trace  of  hemolysis  is  observed  in  any  of  the  vessels  of  the  organs 
examined. 

Necropsy  of  male  dog.  No.  Ill  ,  Dec.  5,  1901.  Well  nourished,  weight 
6.6  kilo. 

Liver  The  organ  is  large  and  congested,  and  the  section  is  mottled 
by  areas  of  fatty  infiltration.  Elsewhere  the  peripheries  of  the  acini  are 
light  colored  and  clearly  defined,  marked  here  and  there  by  minute  yellow 
collections  of  fat.  The  gall  bladder  contains  orange-yellow  bile  with 
small  black  grains  of  pigment. 

Kidneys.  Capsule  strips  easily,  surface  generally  smooth,  cortex 
swollen,  and  markings  indistinct. 

Spleen.  Congested  and  marked  by  prominent  lymphadenoid  struct- 
ures. 

Pancreas.     Large  and  pale. 

Mesenteric  nodes  swollen  and  prominent. 

Stomach.     Contains  undigested  food  and  is  slightly  congested. 

Small  intestine.  The  mucosa  throughout  is  swollen  and  covered  by 
thick,  frothy  mucus,  which  is  mingled  with  bile.  There  is  no  fecal  odor. 
The  solitary  and  agminate  follicles  are  edematous. 

Heart.     Normal 

Prostate  irregularly  swollen  and  varies  in  color  on  section  from  light 
yellow  to  pink. 

Microscopic  Examination  —  Liver.  The  central  zones  of  the  acini  are 
hyperemic,  the  red  cells  being  of  perfect  contour.  The  epithelia  show- 
marked  granular  degeneration,  in  places  represented  only  by  detritus, 
where  remaining  nuclei  are  large  and  have  prominent  nucleoli.  There  is 
but  little  pigmentation.  The  epithelia  of  the  gall  ducts  are  slightly 
swollen  and  their  nuclei  are  large  and  vesicular. 

Kidneys.  There  is  active  hyperemia  of  the  cortex.  The  epithelia  of 
the  convoluted  portions  are  swollen  and  in  places  block  the  lumina,  in 
other  places  the  granular  protoplasm  has  broken  down  and  left  slender 
protoplasmic  strands  and  bridges  across  the  tube.  In  some  tubes  the 
epithelium  is  wholly  desquamated  from  the  wall.  The  glomeruli  as  a 
whole  are  .shrunken,  and  in  places  there  is  a  proliferation  of  the  cells  of 
the  capsule  of  Bowman.  The  great  collecting  tubes  contain  cells,  fatly 
epithelia,  white   cells,  and  granular  detritus.     The  epithelia  of  Henle's 
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loops  cire  elono;ated  and  distorted.  The  coats  of  tlie  arteries  are  tliiclc- 
ened,  especially  the  media. 

Spleen.  The  cells  of  the  .Malpighian  corpuscles  are  apparently  hyper- 
plastic and  their  nuclei  are  very  lari^e ;  otherwise  the  organ  is  hypereniic, 
and  contains  an  e.xce.ss  of  granular  pigment,  mostly  e.xtracellular. 

Pancreas.  There  is  marked  eosinophilia  of  the  central  portions  of  the 
acini;  the  nuclei  are  large,  and  the  nucleoli  are  prominent.  The  proto- 
plasm of  the  cells  is  granular  and  in  places  vacuolated.  The  distinction 
between  cell  and  cell  is  not  always  clear ;  they  seem  to  be  partly  fused  in 
places.     The  epithelia  of  the  finer  ducLs  are  somewhat  swollen. 

Mesenteric  node.  Edematous,  and  the  lining  cells  of  the  main  lymphatic 
channels  are  swollen  and  project  into  the  lumen. 

Small  intestine.  The  villi  show  many  beaker  cells  among  the  invest- 
ing cells,  the  core  of  the  villus  is  eilcmat(nis,  and  the  lymph  channel  is 
dilated. 

Stomach.  The  chief  cells  of  the  glandules  are  slightly  swollen  and 
granular.'  The  superficial  epithelia  are  well  preserved  and  have  a  clear 
protoplasm. 

Heart.  Striation  is  partly  lost,  the  fibers  are  a  little  swollen  and  their 
nuclei  are  irregular  and  distorted. 

The  liver  on  chemical  analysis  contained  4.14  per  cent  fat. 

Necropsy  of  male  dog.  No  IV.,  weight  about  6.5  kilo.  General  nour- 
ishment good.  Animal  killed  by  section  of  great  vessels  of  neck.  Gen- 
eral appearance  of  organs  in  consequence  bloodless. 

Liver..     Pale,  central  vessels  dilated,  slight  bile  staining  in  places. 

Kidneys.  Normal  in  size,  capsule  strips  imperfectly,  surface  pale  and 
presents  a  few  cysts.  In  section  the  cortex  is  slightly  swollen  and  the 
glomeruli  are  visible. 

Spleen.     Slight  hyperplasia  of  lyniphadenoid  elements. 

Pancreas.     Pale,  but  apparently  normal. 

Mesenteric  nodes.     A  few  of  them  are  enlarged  and  edematous. 

Stomach.     Physiological  hyperemia;  contains  undigested  food. 

Small  intestine.  Lymphoid  structures  throughout  edematous  and  prom- 
inent. In  the  lower  third  the  mucosa  is  congested  and  bile  stained,  and 
the  colon  presents  a  few  very  small  submucous  hemorrhages. 

Microscopic  Examination.  —  Liver  and  bile  ducts  normal,  not  more 
fat  in  the  peripheries  of  the  acini  than  normal,  .slight  biliary  pigmenta- 
tion. 

Kidneys.     Cloudy  swelling. 

Spleen.  .Slight  lymphoid  hyperplasia  and  excess  of  amorphous  pigment ; 
otherwise  normal. 

Pancreas.  Protoplasm  generally  intensely  acidophile  and  markedly 
granular.  Islands  of  Langerhans  hypereniic.  Kpithelia  of  ducts  swollen 
to  partial  occlusion  of  the  lumen  in  places. 
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Mesenteric  node  hyperemic  and  edematous. 
.Stomach.     Normal;  lymphatics  very  wide. 

Small  intestine.     Villi  profusely  infiltrated  by  mononuclear  leucocytes. 
Adrenal.     Central  zone  hyperemic.     Protoplasm  generally  finely  vacu- 
olated. 

Testis.     Normal. 

It  is  evident  from  these  gross  and  microscopic  lesions  that 
the  action  of  tetra-phosphorus  ti  i-sulfid  is  wholly  unlike  that 
of  phosphorus,  though  the  assertion  of  Courtois-Siiffit, 
that  it  is  "  not  injurious,  no  matter  how  large  the  dose,"  can- 
not be  accepted  as  accurate.  Its  effect  is  that  of  a  mild 
irritant  upon  the  structures  with  wiiicii  it  ct)nies  in  contact, 
like  the  intestinal  villi,  but  its  action  is  more  severe  after 
absorption  through  the  intestinal  wall.  The  reaction  in  the 
mesenteric  nodes  is  a  mild  exudative  inflammation.  It  maj- 
reach  the  heart  through  the  lymph  stream  or  by  wa)'  of  the 
portal  and  the  hepatic  veins,  but  when  circidaling  through 
the  vessels  of  this  organ  it  may  cause  only  a  local  hyper- 
emia and  a  cloudy  swelling.  This  may  be  contrasted  with 
Senftleben's  experiment  with  phosphorus,  in  which  a  rabbit 
received  about  0.045  gram  in  forty-eight  hours,  died  the  next 
day,  and  showed  already  markeil  fatty  degeneration  of  the 
heart. 

Carried  to  the  liver  in  large  enough  doses,  or  over  a  long 
enough  period  of  dosage,  the  compound  may  cause  the 
cpithelia  to  break  down.  This  occurs  first  at  the  periphery 
of  the  acinus,  but  may  involve  its  whole  extent;  in  that  case 
the  lesion  is  less  marked  about  the  central  vein.  Even  when 
the  protoplasm  of  the  cells  is  much  affected  the  nuclei  persist 
and  take  the  stain  well.  Probably  but  little  is  excreted  by  the 
liver,  or  else  its  nature  is  so  modified  that  it  causes  no  appreci- 
able lesion  of  the  biliary  epithelium.  The  cells  in  the  bile 
ducts  were  not  so  much  affected  in  any  case  as  tlie  cpithelia 
of  the  pancreatic  ducts,  and  in  the  latter  the  change  con- 
sisted only  in  swelling  and  slight  granular  alteration. 

The  organ  which  probably  excretes  the  major  portion  of 
the  drug  is  the  kidney,  and  the  severity  of  the  effect  is  here 
most  pronounced,  but  one  must  be  struck  with  the  fact,  even 
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here,  that  the  enormous  doses,  compared  with  phosphorus, 
produce  surprising!)'  little  effect,  and  also  that  the  nuclei 
persist  for  a  time  after  the  [)rotoplasm  of  the  cell  has  been 
lost. 

The  form  in  which  the  tctra-phosphorus  tri-sulfid  circulates  in 
the  blood  is  undetermined,  but  it  is  notaijlc  that  it  causes  no 
hemolysis. 

The  relation  between  the  lesions  and  the  s\-mptoms,  in- 
cluding the  records  of  metabolism,  is  sufficiently  clear  and 
needs  but  little  explanation. 

The  increase  in  the  daily  amount  of  feces  during  adminis- 
tration, the  decrease  in  the  assimilation  of  nitrogen  (dogs  I. 
and  II.),  the  increased  N  in  the  feces  (dog  II.),  and  the 
increase  in  the  fat  recovered  from  the  feces,  can  all  be 
explained  by  the  hyperemia  and  increased  production  of 
mucus  along  the  alimentary  tract.  The  lesion  was  hardly 
severe  enough  to  be  considered  more  than  a  mild  catarrhal 
inflammation.  The  steady  rise  in  the  assimilation  of  phos- 
phorus shows  that  absorption  from  the  intestine  was  still 
going  on,  and  the  fall  in  the  nitrogen  balance,  together  with 
the  lesions  in  distant  organs,  as  noted,  confirm  this  idea. 
Some  of  the  increase  in  excreted  nitrogen  is  due  to  the  pro- 
toplasmic destruction,  but  the  proportion  has  not  yet  been 
determined. 

It  is  an  important  fact  that  no  one  of  the  dogs  died,  though 
receiving  doses  which,  if  phosphorus,  would  certainly  have 
been  fatal  in  all  four  cases.  As  soon  as  the  drug  is  stopped 
there  is  an  immediate  and  buoyant  recovery.  Of  the  four 
dogs,  possibly  No.  I.  would  not  have  recovered  ultimately, 
the  others  probably  would  have  done  so.  Assuming  that 
the  other  three  would  have  recovered,  and  calculating  pro- 
portional doses  for  an  adult  human  being,  we  have  the  fol- 
lowing statement  of  the  relative  toxicit}'  of  the  sulfur 
compound  as  compared  with  pure  phosphorus: 

Dog    II.  received  2.624  grams  in  22  days    -j  equivalent  doses  r  22. 88  gram. 
Dog  III.        "        5.961       "       "  4      "        Mora  man  weigh--!  63.28      " 
Dog   IV.         "        10.  "       "  24  hours  I  ing  60  kilo.  (.  90.9        " 
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Taking  Kolisko's  higher  figure  as  the  lethal  close  of  phos- 
phorus, namely,  0.20  gram,  it  is  evident  that  P4S3  is  one 
hundred  times  less  toxic  than  phosphorus  on  the  least  favor- 
able showing,  and  over  four  hundred  times  less  toxic  accord- 
ing to  the  last  experiment.  In  other  words,  no  amount  of 
tetra-phosphorus  tri-sulfid,  which  any  human  being  could 
take  by  accident  or  design,  would  probabl)-  prove  fatal. 


CONCLU.SION. 

1.  Inhalation  of  air,  passed  through  tetra-phosphorus  tri- 
sulfiil  in  substance,  has  no  appreciable  effect  u])(jn  the  rabbit 
at  room  temperature. 

2.  In  the  dog  P4S3  acts  as  a  mild  local  irritant  upon  the 
alimentary  canal. 

3.  This  action  is  more  pronounced  in  the  small  intestine 
than  in  the  stomach. 

4.  In  the  circulation  it  acts  destructivel)'  ujjon  the  pro- 
toplasm of  parenchymatous  cells. 

5.  The  effect  varies  from  a  strongly  acidophile  character 
in  the  protoplasm  to  its  conversion  into  detritus. 

6.  The  nuclei  of  the  parenchymatous  cells  show  a  marked 
resistance,  remaining  and  taking  the  stain  even  after  the 
body  of  the  cell  has  disappeared. 

7.  The  effect  is  most  marked  in  the  epithelia  of  the  renal 
corte.x,  of  the  liver,  and  of  the  pancreas,  and  in  the  muscular 
fibres  of  the  heart,  in  the  order  named. 

8.  The  destruction  is  manifested  after  long  treatment  with 
small  doses  or  shorter  periods  of  heavy  dosage. 

9.  Perhaps  the  rapid  recovery  of  the  animals  after  stop- 
ping the  administration  is  connected  with  the  persistence  of 
the  nuclei. 

10.  In  general  the  agent  increases  catabolism  by  this 
action  upon  epithelia,  while  at  the  same  time  lessening 
anabolism  by  its  local  and  alimentarj'  effects. 

11.  It  does  not  cause  hemolysis,  nor  jaundice,  nor  the 
appearance  in  the  urine  of  albumin,  sugar,  tyrosin,  nor 
leucin. 
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12.    Consequently  tetra-phosplioriis   Iri-sulful  may  be  con- 
sidered non-toxic  in  any  ortlinaiy  circumstances. 

(Note.  —  Our  thanks  are  due  to  Mr.  C.  U.  Partridge,  H.Sc,  for  valuable 
assistance  in  the  preliminary  work  connected  with  this  investigation.) 
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"WHITE-SPOT  DISEASE." 

By  James  C.  Johnston,  M.D.,  New  York,  and  Samuel  Sherwell, 
M.D.,    Brooklyn. 

(fKOM    the    pathological    laboratory    of    CORNELL    UNIVERSITY.) 

THE  patient  is  Dr.  Slierwell's.  She  was  presented  for  a 
diagnosis  of  her  disease  to  the  New  York  Derniatological 
Society,  and  I  suggested  that  she  submit  to  a  pathological 
examination.  The  photographs  are  the  work  of  Dr.  B.  H.  Buxton 
and  his  assistant  in  the  photographic  department  of  Cornell,  to  whom 
our  best  thanks  are  due. 

History:  The  patient  is  a  woman  twenty-six  years  of  age,  born 
in  Ireland.  There  is  nothing  worthy  of  note  in  the  family  history. 
She  herself  enjoys  fairly  good  health,  but  is  thin  and  evidently  neu- 
rotic, with  a  poor  physical  development ;  '*a  human  weed,"  in  Dr.  Sher- 
well's  apt  phrase.  She  has  suffered  from  time  to  time  with  evanescent 
erythematous  eruptions  affecting  the  face  chiefly,  which  have,  however, 
nothing  to  do  with  the  present  condition. 

The  lesions  which  form  the  subject  of  this  paper  began  thirteen 
years  ago;  her  first  menstruation  did  not  appear  until  some  months 
later.  According  to  the  patient's  statement,  the  number  of  lesions  has 
gradually  increased,  while  they  have  changed  very  little  individually. 
The  area  most  characteristicall}'  affected  is  the  anterior  surface  of  the 
chest,  extending  from  the  outer  third  of  the  left  clavicular  region  to 
the  middle  third  of  the  right,  and  from  the  shoulder  girdle  to  the 
upper  margin  of  the  breasts.  There  are  in  addition  striate  atrophic 
spots  about  the  root  of  the  neck  and  over  both  scapula? ;  perhaps  the 
terminal  stage  of  older  lesions.  The  patient's  statement  is  not  clear 
on  this  point. 

The  spots  on  the  chest  are  arranged  like  beads  in  the  successive 
rows  of  a  necklace,  following  the  skin  lines  and  roughly  correspond- 
ing to  the  distribution  of  the  vascular  supply,  running  across  from 
one  side  to  the  other.  The  individual  lesion  is  raised  only  very  slightly 
above  the  surface,  and  is  smooth  to  the  touch.  The  smallest,  presum- 
ably the  earliest,  are  no  larger  than  the  head  of  a  white  pin.  The 
outline  is  sharp  and  irregular,  without  a  trace  of  inflammatory  areola, 
running  often  into  tiny  projecting  points  as  it  increases  in  size.  There 
is  not  much  tendency  in  the  lesions  to  unite,  but  when  this  occurs,  the 
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spots  form  an  end-to-end  juncture,  so  that  they  are  never  of  great 
extent.  Certain  of  tliem  exhibit  a  central  point  whicli  clinically  gives 
the  appearance  of  umbilication,  but  in  reality  is  a  tiny  elevation  due  to 
a  separation  of  the  epidermis  (see  histology).  The  color  is  by  far 
the  most  striking  feature  of  the  disease.  It  is  the  dead-white  of  snow. 
The  chest  looks  as  though  it  had  been  spattered  with  a  white-wash 
brush. 

In  the  cour.5e  of  time,  to  which  no  definite  limit  can  be  set,  certain 
of  the  spots  undergo  involution.  A  thin  scale  separates  and  there  is 
left  an  atrophic  area  corresponding  exactly  to  the  white  spot  which 
preceded  it.  This  atrophy  may  be  punctate  or  striate,  and  is  not 
different,  except  in  distribution  and  outline,  from  that  resulting  from 
lupus  erythematosus,  symmetrical  atrophy,  or  ordinary  strife  atro- 
phica. There  arc  no  subjective  symptoms,  but  the  patient  scrapes  off 
the  scales  from  time  to  time  and  rubs  the  other  lesions  from  the  annoy- 
ance their  presence  gives  her. 

Histology :  A  single  patch  was  removed  with  a  cutaneous  punch 
from  the  left  side  just  above  the  breast,  including  the  entire  diseased 
area  so  far  as  could  be  seen  clinically.  The  lesion  showed  a  central 
point  which  I  took  to  be  an  umbilication,  but  which  resolved  itself  into 
the  vesicle-like  formation  shown  in  Fig.  1.  Sectioning  was  done  in 
paraffin  and  staining  with  hematoxylin-eosin,  Van  Gieson's  picrofuch- 
sin,  Nocht,  hematoxylin-orange-acid  orcein. 

The  lesion  is  as  nearly  a  pure  degeneration  as  it  is  possible  to 
imagine  in  the  skin  where  processes  are  more  than  apt  to  show  great 
complexity'.  It  is  limited  to  the  papillary  body  and  the  upper  por- 
tion of  the  reticular  laj'er.  There  is  no  uniformity  of  distribution; 
the  degenerated  area  stopping  abruptly  at  certain  points,  to  begin 
again,  apparently  in  lesser  degree,  a  little  farther  on.  It  reaches 
greatest  development  naturally  in  the  central  portion  of  the  section 
which  corresponds  with  that  of  the  excised  skin.  The  irregularity  of 
distribution  is  in  conformity  with  the  clinical  appearance  of  the  spots 
noted  above. 

In  the  degenerated  mass,  the  collagen  has  altogether  disappeared, 
its  place  being  taken  by  a  granular  material  which  has  lost  its  char- 
acteristic acidophile  staining  tendency.  It  has  little  or  no  affinity  for 
eosin,  orange  or  fuchsin.  There  is  no  deposit  of  any  foreign  material 
like  calcium  salts,  such  as  I  expected  to  find.  The  elastic  tissue  is 
broken  up  into  short  lengths  of  fiber  or  granules  which  take  the  acid- 
orcein  stain  more  deeplj'  than  the  normal  tissue.  The  elastic  network 
covering  the  papillae  has  completely  disappeared  where  the  process  is 
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most  advanced,  and  in  otlier  places  shows  beginning  rupture.  Some 
of  the  vessels  forming  the  plexus  at  the  base  of  the  papillary  body  are 
preserved.  They  are  loosened  from  their  attachments  to  the  sur- 
rounding tissue  and  are  often  dilated,  doubtless  a  result  of  diminished 
tissue  tension.  The  endothelial  cells  are  swollen  and  project  into  the 
lumen.  In  places  the  lumen  is  perceptibly  narrowed  in  this  way ;  in 
others,  there  is  complete  collapse  of  the  walls.  These  appearances, 
except  endothelial  swelling,  may  be  artefacts.  Thin  paraffin  sections 
are  prone  to  them,  but  they  are  constant  here  even  when  there  is  no 
distortion  in  the  section. 

An  irregular  lymphocytic  infiltration  sheaths  the  vessels  in  places 
and  in  others  seems  independent  of  them.  The  number  of  mononu- 
clear cells  is  very  small.  Proliferated  and  swollen  fibroblasts  are  to  be 
found  here  and  there.  These  changes  are  shown  in  Fig.  2.  The  area 
of  degeneration  shades  gradually  below  into  the  subcutaneous  tissue. 
The  epithelial  changes  are  secondary.  Interpapillary  projections 
disappear  in  places  where  degeneration  is  complete,  and  while  there  is 
nothing  to  prevent  the  growth  of  epithelial  cells  into  the  subjacent 
tissue,  they  do  not  proliferate.  The  rete  is  reduced  to  a  few  laj'ers  of 
cells,  four  or  five,  which  show  marked  hA'drophic  degeneration.  The 
horny  layer  is  very  slightly  increased ;  the  granular  laj'er  absent  or 
reduced  to  the  thickness  of  a  single  cell.  The  space  between  the  epi- 
thelium and  degenerated  connective  tissue,  while  it  contains  granular 
material  which  may  be  precipitated  albumen  and  an  occasional 
leucocyte,  must  be  regarded,  if  not  as  an  artefact,  at  least  as  acci- 
dental, possibly  the  result  of  rubbing  of  the  clothes.  (See  Fig.  1.) 
Separation  would  naturally  be  very  easy  in  such  a  condition.  Fibro- 
blast proliferation  and  lymphocytosis  are  evident!}'  of  no  great  impor- 
tance in  the  process,  so  there  remains  only  the  degeneration  of  the 
connective  tissue  to  account  for  the  clinical  appearance. 

There  is  no  involvement  of  the  sweat  apparatus,  the  only  append- 
age present. 

As  to  the  cause  of  such  a  tissue  change,  one  can  onlv  off^er  conjec- 
ture, but  reasoning  from  analogy  in  other  organs,  so  pure  a  degenera- 
tion ought  to  be  due  to  local  interference  with  nutrition  through 
diminished  blood  and  lymph  supply.  I  believe  that  such  is  the  case 
in  this  instance,  and  in  spite  of  the  fact  that  I  cannot  demonstrate  it 
to  my  own  complete  satisfaction, — it  is  not  a  capillary  tlirombosis 
such  as  is  found  in  erythematous  lupus,  but  an  obliteration  of  the 
smaller  branches  in  the  recticular  plexus.  The  obliteration  may  be 
congenital  or  acquired,  due   to   failure  of  complete  canalization   or 
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blocking  by  swollen  endotiieliuni.  The  latter  seems  more  probable. 
This  must  occur  only  in  the  smallest  vessels  or  the  lesions  would  be 
larger.  The  irregularity  of  the  spots  is  explained  by  their  occurrence 
in  the  distribution  of  the  small  twigs. 

There  seems  no  reasonable  explanation  of  the  whiteness  of  the 
spots  except  one,  a  phenomena  which  is  not  unfamiliar.  The  degen- 
erated skin  held  to  the  light  is  translucent,  while  in  reflected  light  it 
appears  perfectly  opaque.  I  am  at  a  total  loss  to  understand  why 
this  should  be  so  in  white-spot  disease  and  not  in  other  atrophies. 
There  may  be  some  chemical  difference  in  the  products  of  the  degen- 
erative process ;  this,  however,  is  beyond  the  question  and  hardh'  seems 
worth  while  to  determine. 

The  disease  should  be  classed  with  the  atrophies,  next  to  symmet- 
rical atrophy,  which,  perhaps,  closely  approaches  it.  The  name, 
"White-Spot  Disease,"  which  Westberg  gave  it  in  1901,  is  striking 
and  characteristic  enough  to  deserve  perpetuation. 

Treatment :  After  the  nature  of  the  disease  was  determined,  it 
was  evident  that  the  best  result  to  be  expected  is  an  atrophic  spot 
replacing  the  white  appearance.  It  was  obviously  impossible  to  re- 
move each  spot  surgically,  and  the  only  measure  that  remained  to  be 
considered  was  the  use  of  revulsives  strong  enough  to  cause  an  active 
inflammation  and  so  dissolve  and  carry  off"  in  the  inflanmiatory  serous 
and  leucocytic  exudate  the  remains  of  the  degenerated  fibers.  I  rec- 
ommended the  use  of  a  saturated  solution  of  resorcin  in  alcohol,  ap- 
plied three  or  four  times  a  day.  The  result  has  been  gratif^'ing,  and 
with  a  minimum  of  reaction ;  the  white  spots  are  on  the  verge  of  dis- 
appearance. In  another  case,  I  would  use  a  more  vigorous  method, 
that  which  was  recommended  by  McGuire,  of  Washington,  in  this 
JouKNAi,  for  the  removal  of  xanthelasma  of  the  lids,  the  application 
of  crystals  of  trichloracetic  acid,  touching  only  the  spots  themselves. 
One  application  would  doubtless  suffice.  The  reason  for  the  failui'e 
of  Westberg's  salicylic  acid  and  bichlorid  is  that  he  used  them  in  an 
ointment  and  not  in  sufficient  strength. 

Literature:  The  first  case  I  ever  saw  was  one  exhibited  in  Chi- 
cago by  Dr.  F.  11.  Montgomery,  in  1901,  before  the  American  Derma- 
tological  Association.  I  was  not  content  even  at  that  time  with  the 
generally  expressed  opinion  that  it  was  a  peculiar  form  of  morphoea. 
The  correctness  of  that  stand  is  obvious  from  my  study  of  this  case. 
The  patient  was  a  young  woman,  and  the  lesions  corresponded  in 
every  particular  with  those  I  have  described  in  both  localization  and 
appearance. 
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Westberg's  case  is  the  onl^  one  in  the  literature,  although  others 
must  have  been  seen  and  called  by  other  names.  Even  so,  they  have 
not  been  reported.  The  following  is  an  abstract  of  Westberg's  work 
(Monatsch.  fur  prakt.  Dermai.,  1901  Vol.  XXXIII,  p.  355).  I  am 
quoting  from  the  British  Journal  of  Dermatology,  as  I  have  not  the 
reference  at  hand.  The  article  has  a  photograph  and  a  colored  plate 
of  the  histology. 

The  patient  was  a  girl  of  eleven  years,  strong  and  healthy.  The 
spots  appeared  about  two  years  previous  to  the  observation,  following 
measles.  There  were  sparsely  and  discretely  scattered  about  the  tho- 
rax, hemp-seed  to  bean-sized,  round  and  oval  spots,  chalky-white  in 
color  and  set  in  normal  skin.  Their  surface  was  smooth  and  they  ex- 
hibited "playing-card"  resistance  to  the  touch.  The  spots  on  the 
whole  corresponded  to  the  lines  of  cleavage.  There  was  a  slight  ele- 
vation when  the  skin  was  put  on  the  stretch.  There  was  no  desquama- 
tion, no  bullous  formation,  or  other  change  in  the  spots.  Histolog- 
ically, Westberg  found  hypertrophy  of  collagen,  an  increased  stain- 
ing power  of  the  affected  fibers  and  numbers  of  mast-cells. 

The  clinical  appearance  of  the  three  cases  is  plainly  identical. 
The  difference  in  histological  findings  is  probably  due  to  the  fact  that 
Westberg's  case  had  lasted  at  most  two  years  as  against  thirteen  in 
mine.  It  is  a  common  thing  for  the  first  change  in  a  fibrous  tissue  de- 
generation to  bo  a  swelling  of  the  fibers,  followed  after  a  variable 
period  by  a  breaking  up.  In  the  early  stage  also  they  have  an  in- 
creased affinity  for  acid  dyes.  The  chemical  change  must  be  identical 
in  order  to  give  the  dead-white  opaque  appearance.  I  cannot  under- 
stand his  discovery  of  mast-cells  in  numbers.  There  was  not  one  in 
my  sections.  The  short  duration  of  the  disease  also  explains  why  he 
saw  none  of  the  exfoliation  which  sometimes  occurred  spontaneously  in 
our  case.  It  will  undoubtedly  occur  after  a  time,  and  it  is  equally  safe 
to  predict  that  slight  traumatism  would  separate  epidermis  from  de- 
generated corium. 

The  introduction  of  a  new  disease  hardly  needs  an  apology  when 
it  is  accompanied  by  a  reasonable  explanation  of  its  nature  and  an 
efficacious  method  of  treatment. 
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Kntire  lesion  (X  60).  Separation  of  epidermis  in  vesicle-like  formation. 
Degenerated,  homogeneous-looking  pajiillary  body  with  sparse  Ij'm- 
phocytosis  below.     Dilatation  of  lymph  and  blood  spaces. 
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Fig.  3.  X  300.  Taken  from  l)ortler  of  space  downward  l)el()w  place  marked  X  in 
Fig.  1;  a,  obliterated  capillary;  h,  dilated  capillary  lined  with  .swollen 
endothelium.  Degeneration  extends  very  little  lielow  a.  LympluK-ytcv- 
sis  and  fibroblast  proliferation. 


A  CASE  OF  PAGET'S  DISEASE  OF  THE  NIPPLE. 

By  George  Thomas  Jackson,  New  York. 

IN  September,  1896,  I  read  before  the  American  Dermatological 
Association  the  report  of  a  case  of  malignant  papillary  dermatitis, 
together  with  the  pathological  report  upon  the  specimen  by  Dr. 
J.  S.  Ely.  [Jour.  Cutan.  and  Gen.  Urin.  Dis.,  1896,  xiv— 428.]  Dr. 
Ely  regarded  "the  lesion  in  the  skin  as  inflammatorj'  in  nature,  due  pri- 
marily and  pre-eminently  to  a  change  in  the  corium  of  such  a  nature  as 
to  cause  a  very  considerable  connective  tissue  development,  and,  by  in- 
terference with  the  nutrition  of  the  skin,  to  lead  to  an  intensely  (Edema- 
tous condition  of  the  epidermis  and  of  the  papillary  layer  of  the  co- 
rium." He  regarded  the  tumor  formation  in  the  gland  as  a  "fibroma 
of  the  so-called  pericanalicular  variety,"  and  that  this  was  primary, 
while  the  skin  lesion  was  secondary. 

Since  1896  I  have  had  several  cases,  but  the  one  here  reported  is 
the  onlj'  one  from  which  I  was  able  to  obtain  material  for  microscop- 
ical examination.  As  will  be  seen,  the  history  of  the  case  is  meager. 
As  the  disease  is  a  well-recognized  one  and  the  pathology  is  of  more 
importance  than  the  description,  I  venture  to  report  it,  together  with 
the  pathological  study  bv-  Dr.  Otto  H.  Schultze: 
Mrs.  J.  L.,  a?t  68. '   Widow. 

The  patient  came  to  me  on  May  15,  1900.  She  stated  that  the 
disease  had  existed  for  nearly  three  years,  and  that  the  first  symptom 
she  noticed  was  a  feeling  of  soreness  under  the  right  nipple  and  a  few 
drops  of  blood.  Since  then  the  disease  had  been  steadily  progressive. 
Examination  showed  that  about  the  right  nipple  there  was  a  red, 
raw  patch  about  the  size  of  a  silver  dollar;  this  was  shai-ply  defined, 
and  gave  to  the  touch  the  impression  of  infiltration  into  the  tissues. 
The  nipple  had  nearly  disappeared,  being  drawn  down  into  the  breast 
so  as  to  form  a  deep  pit.  The  right  breast  was  atrophied  and  all 
through  it,  but  especialh'  at  the  upper  and  outer  aspects,  there  were 
hard  masses.  There  were  no  appreciable  enlargements  of  the  axillary 
glands. 

The  patient's  health  was  fair,  though  of  late  she  had  become 
weaker.  There  was  no  history  of  injury  or  anything  to  account  for 
the  disease.  I  advised  her  to  have  the  whole  breast  amputated  by  a 
surgeon  at  once.  On  the  29th  of  ]\Iay  she  was  operated  on  by  Dr. 
H.  Packard,  in  a  Boston  hospital.  The  whole  gland  and  a  portion 
ef  the  pectoral  muscle  were  cut  away,  and  the  axillary  glands  were  re- 
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moved,  as  they  were  found  to  be  enlarged.  Hard  nodules  were  also 
removed  from  under  the  clavicle. 

Dr.  George  E.  May,  her  phv'sician,  reported  that  the  patient 
made  a  good  recovery  from  the  operation.  Three  weeks  afterwards 
she  complained  of  nausea  and  distress  in  the  abdomen.  Her  liver  was 
found  markedly  enlarged.  Ascites  followed,  with  marked  prostration. 
She  became  suddcaily  delirious  and  was  dead  in  three  days.  She  had 
no  pain,  icterus,  or  constipation.  Vomiting  did  not  occur  until  the 
last  two  days  of  her  life. 

Dr.  Packard  kindly  sent  me  a  portion  of  the  diseased  tissue,  the 
results  from  the  examination  of  which  are  given  below : 

PATHOLOGICAL  EEPOHT  fPON  DR.   JACKSOn's  CASE  OF  PAGEt's  DISEASE. 

By  Otto  H.  Schultze,  M.D., 

Professor  of  Pathology  in  University  of  Vermont;  Instructor  in 
Pathology  in  Cornell  University  Medical  College. 

The  portion  of  a  breast,  received  from  Dr.  George  T.  Jackson, 
was  about  6  cm.  in  length  and  3  cm.  in  width  and  thickness.  It  was 
wrapped  in  gauze,  soaked  with  10  per  cent,  formalin  solution,  so  that 
the  skin  surface  was  partly  folded  over  the  underlying  tissue. 

Beneath  the  subcutaneous  adipose  tissue,  a  firm  mass  presents 
on  one  surface  of  the  specimen  (evidently  the  surface  of  section  from 
the  rest  of  the  breast),  a  fibrous  connection  with  the  skin.  In  this 
situation  the  skin  is  retracted,  and  presents  a  darker  area  adjoining 
the  line  of  section  and  of  round  contour  on  the  skin  surface  of  the 
specimen.  This  area  is  covered  with  minute  papillae,  and  is  traversed 
by  several  radiating  fissures  which  nearly  reached  its  margin. 

A  cross  section  through  the  middle  of  the  specimen  shows  a 
marked  thickening  of  the  skin  in  the  papillarj'  area  above  described. 
The  fibi-ous  band  of  connection  between  the  skin  and  the  firm  mass  is 
quite  narrow.  The  mass  presents  a  bluish-white  fibrous  structure, 
with  many  firm,  white  streaks  and  dots,  larger  opaque,  yellowish-white 
areas  fmm  0.5  mm.,  in  diameter,  to  3  mm.  x  1  mm.,  in  extent,  and 
a  few  criss  sections  of  canals,  the  largest  0.5  mm.  in  diameter. 

Mil  roscopical  sections  were  made  by  the  celloidin  method.  The 
accompt  nying  photographs  of  sections  stained  with  hematein  were 
made  by  Mr.  John  N.  Lett. 

The  skin  is  normal  up  to  the  margin  of  the  papillary  area  above 
described.  From  this  point  to  the  edge  of  the  specimen,  namely,  the 
plane  of  section  from  the  rest  of  the  breast,  the  pathological  changes 
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become  more  marked.  (Fig.  1,  from  left  to  right.)  These  changes 
begin  in  both  the  epidermis  and  corium.  In  the  epidermis  the  deeper 
prickle  cells  become  enlarged  and  multiply.  Many  poorly  fixed  mi- 
totic figures  are  found.  The  protoplasm  of  the  cells  diminishes  in 
staining  reaction,  and  clear  spaces  appear  about  the  nucleus  (Fig.  3). 
These  spaces  increase  in  extent  so  that  finally  the  periphery  of  the  cell 
alone  remains.  The  nucleus  is  enlarged,  vesicular,  and  pale,  or  pre- 
sents a  cloudy  granular  appearance.  Where  the  degeneration  of  the 
protoplasm  has  advanced  the  nuclei  are  smaller,  more  densely  stained, 
or  broken  up.  Isolated  cells  are  found  retracted,  and  entirely  or  in 
part  surrounded  by  a  clear  space.  Some  spaces  of  round  contour 
are  found,  containing  nuclear  fragments  or  a  few  polynuclear  leuco- 
cytes. The  basal  layer  of  the  epidermis  appears  compressed,  and 
its  nuclei  stain  more  densely.  No  evidence  of  active  proliferation  or 
invasion  of  the  corium  is  found. 

The  changes  described  finally  involve  the  entire  layer  of  prickle 
cells.  The  granular  and  liorny  layers  become  irregularly  thickened. 
The  cells  of  the  granular  layer  are  larger  and  in  places  their  granules 
are  so  dense  that  the  structure  of  the  cell  is  obscured,  presenting  thick, 
densely  pigmented  areas  in  the  section  (Fig.  3).  The  thickening  of 
the  horny  layer  is  not  so  pronounced.  The  entire  epidermis  is  thus 
thickened  and  the  interpapillary  projections  become  longer  (Fig.  3). 

With  the  advance  of  the  degenerative  process  in  the  prickle  cell 
layer,  the  horny  layer  disintegrates  and  becomes  loosened.  With  its 
separation,  the  granular  layer  lies  bare  upon  the  surface  and  in  turn 
is  also  lost.  Finally  the  prickle  cell  layer  becomes  entirely  disinte- 
grated and  disappears.  The  basal  layer  can  be  traced  to  the  border 
of  the  ulcerated  area,  and  upon  its  surface  isolated  fragments  of  this 
layer  are  found  (Fig.  4). 

A  cross  section  of  a  fissure  (Fig.  4)  presents  an  appearance  that 
might  at  first  be  mistaken  for  an  invasion  or  down  growth  of  the 
epidermis  into  the  corium.  On  closer  study  it  becomes  quite  clear 
that  the  fissure  is  due  to  a  retraction  of  the  skin.  The  epidermis  pre- 
sents throughout  the  thickness  of  the  invaginated  fold  the  changes 
already  described.  The  basal  layer  is  everywhere  clearly  marked  ofiF 
from  the  corium,  and  shows  no  evidence  of  invading  it.  The  prickle 
cells  above  the  basal  layer  are  in  a  stage  of  degeneration,  and  so  disin- 
tegrated in  places  as  to  leave  the  basal  layer  almost  bare.  The  length 
of  the  fissures  and  their  radiating  arrangement  is  conclusive  evidence 
of  retraction. 


4>  ORIGINAL    COMMUNICATIONS. 

In  the  corium  the  first  change  appears  in  the  papillary  layer 
(Fig.  S),  and  consists  of  an  infiltration  with  lymphocytes  about  the 
vessels.  Among  the  lymphocytes  numerous  plasma  cells  arc  found. 
Tills  infiltration  finally  becomes  so  dense  that  the  structure  of  the 
papillary  layer  is  almost  obscured  (Fig.  i)-  As  the  process  ad- 
vances, an  infiltration  of  the  same  character  appears  about  dilated  ves- 
sels in  the  deeper  layer  of  the  corium.  Finally  where  the  epidermis 
has  completely  disintegrated,  a  new  growth  of  blood-vessels,  surround- 
ed by  a  dense  infiltration  of  Ijmphocytes  and  plasma  cells,  appears  in 
the  corium  (Fig.  5).  In  and  near  the  area  of  ulceration  polynuclear 
leucocytes  appear  in  moderate  amount.  They  also  infiltrate  the  de- 
generating epidermis. 

In  the  firm  mass  or  tumor,  the  parts  visible  with  the  unaided  eye 
and  described  as  round  yellowish,  or  opaque  white  dots  and  streaks 
and  some  as  canals,  are  found  to  be  the  cross  and  longitudinal  sections 
of  lactiferous  ducts.      (Fig.  1.) 

They  are  markedly  increased  in  size.  Their  walls  show  an  epi- 
thelial lining  of  four  and  more  cells  in  depth.  These  cells  are  in- 
creased in  size,  are  round  or  polj'gonal  from  mutual  compression. 
The  outermost  are  more  markedly  compressed  and  stain  more  deeply. 
They  show  no  evidence  in  the  larger  ducts  of  breaking  through  the 
surrounding  elastic  tissue.  The  inner  cells  show  degenerative  changes 
in  the  appearance  of  a  clear  zone  about  their  nucleus.  The  nucleus 
becomes  smaller  and  stains  more  deeply. 

In  some  ducts  the  lumen  is  quite  large  and  empty,  in  others  it  is 
filled  with  epithelial  cells  showing  all  stages  of  degeneration  to  com- 
plete disintegration  into  a  granular  detritus. 

In  some  of  the  larger  ducts,  small  papillary  projections  of  epi- 
thelial cells  into  the  lumen  are  found. 

In  other  ducts  the  lumen  is  narrowed  by  the  tliickened  epithelial 
wall. 

The  stroma  of  the  breast  is  densely  fibrous,  and  in  areas  adjoin- 
ing the  ducts  presents  an  infiltration  of  lymphocytes  and  plasma  cells 
about  the  vessels. 

In  the  smaller  ducts  (Fig.  2),  the  epithelial  cells  show  a  distinct 
appearance  of  invading  the  surrounding  tissue. 

In  a  few  places  groups  of  alveoli  about  the  terminal  ducts  show 
an  increase  in  size  and  proliferation  of  their  epithelial  cells,  with  loss 
of  the  lumen.  The  outermost  cells  are  more  densely  stained  and  com- 
pressed. In  the  deepest  part  of  the  breast  adjoining  the  muscle,  un- 
changed ducts  and  alveoli  were  found. 
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The  changes  described  in  the  skin,  namely,  infiltration  in  the 
papillary  layer,  proliferation  and  degeneration  of  the  epidermis,  be- 
ginning in  the  deeper  layer  of  the  prickle  cells,  and  finally  proceeding 
to  complete  ulceration,  are  characteristic  of  Paget's  disease  or  malig- 
nant papillary  dermatitis.  The  character  of  the  process  is  distinctly 
inflammatory.  The  lesion  differs  as  widely  from  eczema  as  it  does 
from  epithelioma.  Its  differentiation  from  acute  eczema  is  so  patent 
that  it  need  not  be  discussed  here.  From  chronic  eczema,  to  which 
this  disease  has  so  frequently  been  hkened,  and  with  which  it  has  so 
frequently  been  confused,  it  differs  in  the  subsequent  degenerative 
character  of  the  process  ending  in  complete  ulceration. 

Following  the  primary  proliferation  of  cells  in  the  deeper  layer  of 
the  rete  mucosum,  and  the  thickening  of  the  epidermis,  the  interpapil- 
lary  projections  of  the  epidermis  increase  in  length,  with  a  correspond- 
ing enlargement  of  the  papilla.  An  actual  invasion  of  the  corium 
does  not  occur.  There  is  no  evidence  of  active  growth  in  the  basal 
layer  of  the  epidermis.  On  the  contrary,  with  the  subsequent  de- 
generation of  the  deeper  prickle  cells,  the  basal  layer  appears  com- 
pressed. The  final  complete  ulceration  of  the  epidemiis  serves  to  dif- 
ferentiate this  lesion  clearly  from  epithelioma. 

Among  the  frequent  misconceptions  of  Paget's  disease,  that  of 
"an  eczematous  condition  of  the  nipple  and  areola  terminating  in 
epithelioma"  is  about  the  worst.  How  common  these  misconceptions 
are,  a  glance  at  the  text-books  on  surgery  and  pathology  will  show. 
They  originate  in  part  from  association  of  the  skin  lesion  with  a  ma- 
lignant tumor  of  the  breast  and  the  old  confusion  of  the  terms  carci- 
noma and  epithelioma. 

Whatever  the  genetic  connection  between  the  skin  lesion  and  the 
breast  tumor  may  prove  to  be,  it  is  quite  certain  that  in  the  reported 
cases  which  have  been  examined  microscopically  and  in  the  present 
case,  the  tumor  of  the  breast  is  not  an  epithelioma,  nor  have  any  au- 
thentic cases  of  an  epithelioma  growing  from  the  epidermis  of  the 
nipple  and  areola,  on  the  basis  of  a  Paget's  disease,  or  from  there  in- 
vading the  breast,  been  reported.  On  the  other  hand  speculation  in 
this  regard  has  been  most  industriously  indulged  in. 

Another  source  of  error  leading  to  the  misconception  of  epithe- 
lioma originating  from  Paget's  disease,  lies  in  the  fact  that  carcinoma 
originating  in  the  lactiferous  ducts  may  infiltrate  the  corium  to  a  con- 
siderable extent.  The  cells  derived  from  the  epithelium  of  the  larger 
lactiferous  ducts  closely  resemble  the  lower  cells  of  the  epidermis, 
which  is  not  surprising  when  we  consider  the  close  genetic  relationship 
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of  the  ducts  with  the  epidermis  of  the  nipple  and  areola.  The  true 
origin  of  these  cells  infiltrating  the  coriuni  may  be  overlooked,  and 
from  their  close  resemblance  to  the  ceUs  of  the  epidermis  may  be  as- 
cribed to  an  invasion  of  the  epidermis.  With  elongation  of  the  inter- 
papillar3'  projections  of  the  epidermis  characteristic  of  Paget's  dis- 
ease, and  with  the  papilla;  invaded  by  carcinoma,  the  sections  are 
often  very  confusing.  Where  the  epidermis  previously  changed  by 
Paget's  disease  or  not,  has  ulcerated  over  an  area  of  corium  infiltrated 
with  carcinoma,  the  condition  may  at  first  be  mistaken  for  epithehoma 
originating  from  the  epidermis.  More  extensive  examination  of  such 
specimens,  including  the  edge  of  the  ulcerated  area,  and  the  region 
of  the  larger  lactiferous  ducts  as  they  pass  through  the  corium,  will 
clear  up  the  true  origin  of  the  growth  from  the  lactiferous  ducts. 

Through  the  absence  of  carcinomatous  invasion  of  the  corium 
from  the  lactiferous  ducts,  tiie  growth  in  the  larger  ducts  remaining 
confined  within  the  surrounding  elastic  tissue,  the  present  specimen 
offers  an  excellent  opportunity  for  obtaining  clear  pictures  of  this 
disease. 

The  term  malignant  papillarj-  dermatitis  was  applied  to  this 
affection  by  George  Thin,  to  whom  we  owe  the  first  and  most  excellent 
histological  study  of  the  disease.  It  is  quite  clear  from  a  perusal  of 
his  report  that  the  adjective  "mahgnant"  was  applied  with  reference 
to  the  association  of  this  disease  with  carcinoma  of  the  mamma,  not 
with  the  idea  that  the  skin  affection  was  itself  a  carcinoma  or  became 
a  carcinoma.  On  the  contrary,  he  clearly  describes  the  carcinoma  as 
originating  from  the  lactiferous  ducts,  and  coined  another  term, 
namel}',  "duct  carcinoma,"  to  distinguish  tliis  type  from  "adenoma" 
and  "scirrhus  carcinoma." 

Thin  pointed  out  two  modes  of  growth,  namely,  an  increase  in 
the  thickness  of  the  epithelial  wall  of  the  duct,  the  surrounding  elastic 
tissue  remaining  intact,  and  secondly,  an  invasion  of  the  stroma  by 
cells  which  have  broken  through  this  tissue. 

In  the  present  specimen  the  growth  in  the  larger  lactiferous  ducts 
is  limited  to  an  increase  in  size  of  the  ducts,  through  hyperplasia  of 
the  epithelial  cells  of  their  walls.  In  the  degeneration  noted  in  the 
cells  bordering  the  lumen,  and  the  inflammatory  reaction  in  the  neigh- 
boring stroma,  the  changes  bear  some  resemblance  to  those  found  in 
the  skin.  There  is,  however,  a  marked  difference.  The  degeneration 
does  not  extend  throughout  the  entire  epithelial  wall  with  complete 
disintegration  as  it  does  in  the  epidermis.  Notwithstanding  degen- 
eration of  the  inner  layer,  growth  and  multiplication  continues  in  the 
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outer.     Eventually,  the  growth  of  epithcHum  breaks  through  the  sur- 
rounding elastic  tissue  and  invades  tiie  stroma. 

The  changes  in  the  terminal  ducts  and  their  neighboring  alveoli 
(Fig.  5)  present  the  picture  of  adeno-carcinoma.  These  areas 
occupy  a  very  small  extent  of  the  cross  section  through  the  breast 
(below  and  to  the  right  in  Fig.  1).  Such  areas,  judging  from  other 
specimens  of  carcinoma  of  the  breast  in  which  all  stages  could  be  made 
out,  eventually  develop  into  islands  of  epithelial  cells,  all  trace  of 
lumen  or  of  glandular  structui-e  being  lost.  These  islands  are  larger 
or  smaller,  and  closely  adjoining  one  another  or  scattered,  depending 
upon  the  accompanying  proliferation  of  the  stroma. 

The  appearance  of  carcinoma  of  the  breast  varies  primarily  ac- 
cording to  the  parts  of  the  epithelial  structure  from  which  the  growth 
takes  its  origin,  namely,  larger  lactiferous  ducts,  terminal  ducts,  or 
alveoli ;  secondly,  according  to  the  advance  in  the  growth  and  further 
departure  from  glandular  structure  in  appearance ;  thirdly,  according 
to  presence  or  absence  of  invasion  of  epithelial  cells  in  the  lymph 
spaces  of  the  stroma ;  and  finally  according  to  the  extent  of  prolifera- 
tion of  the  stroma.  If  numerous  sections  are  made  from  different 
parts  of  a  carcinoma  of  the  breast,  some  of  these  different  types  are 
often  found  in  the  same  tumor. 

The  type  of  carcinoma  in  Thin's^  four  cases,  in  Duhring's,''  in 
Fordyce's^  and  in  the  present  case,  is  chiefly  "duct  carcinoma."  I  have 
examined  several  cases  of  duct  carcinoma  of  the  breast  in  which  there 
was  no  indication  of  Paget's  disease.  Although  the  majority  of  the 
cases  are  associated  with  carcinoma  of  the  breast,  still  many  of  the 
reported  cases  are  not. 

In  the  present  state  of  our  knowledge  the  genetic  connection  be- 
tween Paget's  disease  or  malignant  papillary  dermatitis,  and  carcinoma 
of  the  breast,  remains  a  matter  of  speculation.  The  two  affections, 
although  they  are  frequently  associated,  and,  as  pointed  out,  bear 
some  points  of  resemblance,  are  nevertheless  essentially  different.  The 
theory  that  the  skin  affection  is  caused  by  the  irritation  of  carcinoma- 
tous material  discharged  from  the  ducts,  fails  to  meet  the  cases  in 
which  the  skin  affection  precedes  the  appearance  of  a  tumor  by  many 
years  or  is  not  followed  by  a  tumor  at  all.  On  the  other  hand,  the 
theory  that  the  process  beginning  as  a  surface  infection,  creeps  down 
the  ducts,  was  based  on  a  misinterpretation  of  cell  inclusions  as  para- 

'Thin.     Brit.  Med.  Journal,  1881,  p.  763. 
^Duhring.     Am.  .Tnxtrnal.   Med.  Sc,   1884,  p.  141. 
■Fordyce.    iV.  Y.  Med.  Jour.,  Oct.  2,  1897. 
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sites.  Moreover,  the  process  in  the  epidermis  and  in  the  ducts  is  not 
the  same. 

From  the  fact  that  malignant  papillary  dermatitis  is  incurable, 
and  in  the  majority  of  cases  is  associated  with  carcinoma  of  the  breast, 
the  extirpation  of  the  breast  with  the  diseased  area  of  the  skin,  without 
waiting  for  the  clinical  diagnosis  of  a  tumor  of  the  breast,  seems 
advisable. 

A  "duct  carcinoma"  maj'  be  slow  in  growth.  Moreover,  the  re- 
sistance or  mass  felt  beneath  the  skin  upon  which  the  diagnosis  of 
tumor  is  usually  made,  is  really  due  in  man}'  cases  more  to  the  dense 
fibrous  stroma  than  to  the  actual  increased  amount  of  epithelial  or 
carcinomatous  new  growth.  Yet  tumors  of  this  description  maj', 
when  their  epithelial  elements  once  gain  access  to  lymphatics,  produce 
extensive  metastases,  which  from  the  clinical  appearance  of  the  pri- 
mary tumor  are  entirely  unexpected. 

DESCRIPTION  OF  PLATES.— To  Accompany  Dr.  Geo.  T.  Jackson's  Case  of 
Paget's  Disease. 

Fig.  1.  (x  10.)  Malignant  papillarj-  dermatitis  and  duct  carcinoma  of  the  breast. 
Transverse  section  tiirough  tiie  skin  and  tumor.  Above,  normal  skin 
to  the  left  side,  the  area  of  diseased  skin  is  on  the  right.  The  skin 
was  somewhat  folded.  The  area  of  malignant  papillary  dermatitis 
begins  just  to  the  left  of  the  crest  of  the  fold.  The  progressive  thick- 
ening of  the  epidermis  and  corium  from  this  point  to  the  right  is 
apparent.  The  tumor  presents  a  dense  stroma  in  which  the  cross  section 
of  numerous  ducts  are  found,  their  epithelial  walls  are  markedly  thick- 
ened, some  are  empty,  others  contain  degenerated  epithelial  cells. 
Below  and  to  the  right,  areas  of  smaller  ducts  with  a  growth  in  the 
neighboring  alveoli,  are  presented. 

Fio.  2.  (x45.)  Sections  of  smaller  ducts  with  neighboring  alveoli  showing  a  growth 
of  epithelial  cells  in  both,  which  here  invade  the  adjacent  stroma.  The 
latter  shows  numerous  ar£as  of  infiltration  with  lymphocytes  and 
plasma  cells. 

Fio.  3.  (x45.)  Malignant  papillary  dermatitis.  The  peripheral  part  of  the  skin 
lesion,  showing  on  the  right  side  the  earliest  change  in  the  deeper  layer 
of  the  prickle  cells.  The  epidermis  progressively  thickens  and  degen- 
erates. The  basal  layer  is  sharply  marked  off  from  the  corium.  The 
papillary  l.iyer  shows  an  increase  in  the  size  of  the  papilla?,  which  are 
infiltrated  with  lymphocj'tes  and  plasma  cells.  The  same  infiltration  is 
seen  about  vessels  in  the  deeper  part  of  the  corium. 

Fio.4.  (x4S).  Transverse  section  of  a  fissure.  Growth  and  degeneration  of  the 
epidermis,  is  shown,  on  the  left  side:  quite  to  the  basal  layer.  The  lat- 
ter is  more  intensely  stained  in  parts  compressed,  and  is  clearly  marked 
oif  from  the  infiltrated  papillary  layer  of  the  corium. 

Fio.  5.  (x4S.)  The  area  of  ulceration.  Above  and  to  the  right  the  basal  layer  of 
the  epidermis  is  still  sharply  marked  off  from  the  corium.  On  the  rest 
of  the  surface  the  corium  is  denuded  of  epidermis  except  a  fragment  of 
the  basal  layer  here  and  there.  There  is  a  new  growth  of  connective 
tissue  cells  and  new  blood  vessels,  intense  congestion,  and  dense  infiltra- 
tion with  Ij-mphocytes,  plasma  cells  and  a  few  polynuclear  leucocytes. 


PLATE  XXI 1 1.— To   Illustrate   Dr.   Geo.  T.  Jackson's   Article. 


Fig.  1.   (X  10.) 


PLATE  XXIV.— Tn   lllnstr.itc   Dr.   (u-o.  T.  .racK-snii's   Article 
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